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GENERAL INTRODUCTION 
The organic transformations promoted by pailadium(ll) species have historically 
required either stoichiometric amounts of metal or the stoichiometric use of a chemical 
reoxidant, such as benzoquinone or Cu(n) salts. In recent years, several reports have 
described the use of oxygen gas as the stoichiometric reoxidant in Pd(II) chemistry. This 
advance has made the chemistry of Pd(II) more attractive because of reductions in cost and 
waste generation. This development has also encouraged researchers to probe the scope and 
limitation of Pd(II) chemistry using oxygen gas as the sole reoxidant of the metal. This 
manuscript describes the development of three organic transformations using a Pd(II)-02 
catalyst system. The author of this manuscript was the primary investigator and author for 
each of the papers reported in this dissertation. 
Dissertation Organization 
Chapter 1 is a modified version of a manuscript submitted to the Journal of Organic 
Chemistry and describes the development of an efficient system for the palladium-catalyzed 
oxidation of primary and secondary allylic and benzylic alcohols using as the sole reoxidant 
of the palladium. The conditions have been applied to a wide variety of substrates, producing 
the desired carbonyl compounds in moderate to excellent yields. The reaction has been shown 
to be effective on a 100 mmol scale with no change in reactivity or yield. 
Chapter 2 describes efforts toward the development of reaction conditions for the 
Pd(II)-catalyzed dehydrogenation of p-dicarbonyl compounds. The optimized conditions 
showed good results with benzyl substituted p-dicarbonyl compounds, but simple aliphatic 
substituents proved relatively unreactive. By varying the reaction conditions, low yields of 
unsaturated products could be obtained from the aliphatic substituted substrates. 
1 
Chapters describes the Pd(II)-catalyzed cyclization of several derivatives of 2-(2-
cycIopentenyl)ethanamine to form S^bicyclic amine derivatives. The reactivity order for the 
derivatives was found to be tosylamide, formamide > urea, benzylcarbamate > acetamide > 
benzamide > trifluoroacetamide. The same derivatives of 2-(2-cyclohexenyI)ethanamine, 2,2-
dimethyI-4-hexen-l-amine and3-(2-cyclopentenyl)propan-l-amine were also examined to 
determine their efficiency in forming 6,5- and 5,6-bicycIic and 5-cycIic ring systems, 
respectively. The reactivity order was not observed to change with system, but only the 
tosylamide and formamide were found to be synthetically useful for every system examined. 
Substrates that were intended to contain the carbonyl function of the derivative within the 
newly forming ring were foimd to be unreactive except in one case involving a biscychzation of 
a benzylurea derivative to form a tricyclic product 
The general conclusion discusses the current scope and limitations of the described 
methodology as it applies to synthetic organic chemistry. 
Finally, the appendix will provide and "C spectra for all substrates and products of 
the palladium reactions from chapter 3. These same supplementary materials will be available 
through the American Chemical Society after publication in the Journal of Organic Chemistry. 
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CHAPTER 1: PALLADIUM-CATALYZED OXIDATION OF ALLYLIC AND 
BENZYLIC ALCOHOLS 
A paper submitted to the Journal of Organic Chemistry 
Karl P. Peterson and Richard C. Larock* 
Department of Chemistry, Iowa State University, Ames, Iowa 50011 
The palladium-catalyzed oxidation of alcohols was perhaps first described by Berzelius 
in 1828, when he reported the reduction of most of the palladium from a wet ethanolic solution 
of ICjPdCl^.' Recent efforts to make this oxidation synthetically useful have focused on the 
need to make the process catalytic in palladium, thereby requiring a means of oxidizing the 
reduced palladium back to the active state. Efforts toward the development of catalytic 
procedures have concentrated on the use of reoxidants, such as metal salts,  ^peroxides^ and 
organic halides"* or have used an allyiic carbonate derivative of the alcohol to be oxidized.^ 
In 1967, Lloyd reported reaction conditions using catalytic PdCl^ and copper(II) salts 
as the reoxidant of the palladium (eq 1).^  The reactions were performed with neat alcohol at 
70-100 °C. High yields of oxidation products were obtained with a variety of primary and 
secondary aliphatic and benzylic alcohols, although oftentimes products from over oxidation, 
such as acetals and esters, were formed in significant quantities. Lloyd also observed that 
Introduction 
OH O 
0.10 M CU(N03)2-3H20 
3atm. O2, 90OC 
(1) 
4 
excess water and excess chloride ion both inhibited the reaction. 
Peroxides have also seen limited use as the reoxidant in the palladium-catalyzed 
oxidation of alcohols.^  Tsuji and co-workers employed 1 mol % PdCPPhj)  ^as the catalyst and 
f-butyl hydroperoxide as the reoxidant^' A single example was given, producing 
cyclohexanone from cyclohexanol in 13 % yield as determined by gas chromatographic 
analysis (eq 2). This palladium-based catalyst system compared quite unfavorably with a 
1.0 % Pd(PPh3)4 
2-0 equiv r-BuOOH 
 ^ r I (2) 
acetone, r.L 
similar ruthenium-based system, which seemed to be the metal of choice when using peroxides 
as reoxidants. 
A second report employing a peroxide reoxidant, by Sasson and co-workers, involved 
the use of phase-transfer conditions to achieve the desired oxidations (eq 3).^ '' This report 
0.16 mol %PdCl2 O O 
6.0 equiv H2O2 1 11 
CH2a2,80 OC 
L I DDAB 
«n or 
31% 21% 
contained one example using 0.16 mol % PdClj as the catalyst in CHjClj at 80 "C. 
Didecyldimethylammonium bromide (DDAB) was used as a phase transfer catalyst and 30 % 
HjOj solution (6 equiv) was slowly added as the reoxidant These conditions gave amodest 
yield of the desired benzaldehyde with a significant amount of benzoic acid as a by-product 
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A third strategy for achieving the reoxidation of the palladium catalyst uses organic 
halides/ The first such system was reported in 1979 by Yoshida and co-workers/* 
Equimolar amounts of secondary alcohols and either KjCOj or NaH, with a slight excess of 
bromobenzene, were used with 0.8 mol % PdCPPhj)^ as the catalyst in N,N-
dimethylformamide (DMF) or AT-methylpyrrolidone (NMP) to obtain high yields of the desired 
ketone products (eq 4). This procedure was highly successful on secondary substrates, but no 
examples of primary substrates were reported. This is probably due to the propensity of the 
desired aldehyde products from the oxidation reaction to undergo condensation reactions under 
the basic reaction conditions. 
In 1981, Yoshida and co-workers published an improved procedure for the palladium-
catalyzed oxidation of alcohols.'*'' This new method used bromomesitylene as the aryl halide 
reoxidant of the palladium and allowed for the oxidation of a variety of unsaturated primary and 
secondary alcohol substrates. The problem with the previous procedure for unsaturated 
alcohols was addition of the aryl group to the olefin (eq 5). The more hindered 
bromomesitylene proved to be unreactive towards olefins, thereby allowing the desired 
oxidation chemistry to occur. Yoshida published a full account of his work using aryl halides 
0.8% Pd(PPh3)4 
1.1 equiv bromobenzene 
1 equiv K2CO3 or NaH 
DMF or NMP 
(4) 
0.8 mol % Pd(PPh3)4 
1.1 equiv PhBr 
1 equiv K2CC)3 
DMF, llOOC 
Ph 
(5) 
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as the reoxidant in the pailadiiim(II)-catalyzed oxidation of alcohols in 
lodobenzene was employed by Choudary and co-workers as the palladium reoxidant 
under solid-liquid phase transfer conditions (eq 6)."* A variety of saturated primary' and 
secondary alcohols were treated with 1.6 mol % Pd(OAc)2,2.5 equiv of NaHCOj, 0.6 equiv 
OH 1.6 mol % Pd(OAc)2 
0.6 equiv /1-BU4NCI 
2.5 equiv NaHC03 
1.0 equiv Phi 
DMF, rt, 48 hr 
O 
A 
95% 
(6) 
of /i-Bu^NCl and 1.0 equiv of iodobenzene at room temperature in DMF leading to good to 
excellent yields of the desired carbonyl products. The conspicuous absence of unsaturated 
substrates leads one to believe that this procedure was also limited by aryl addition to the olefin 
moiety of such substrates. 
Tsuji and co-workers reported that palladium salts catalyze the oxidation of alcohols 
using CCI4 in the presence of K^COj (Scheme 1).'*'' Primary alcohols were oxidized to esters 
Scheme 1 
«-C7Hi5C02-«-C8HI7 73 % 
Q-OH 
1 mol % PdCb 
2 equiv K2CO3 
5 equiv CCI4 O 75% 
OH 
ca 
o 
62 %a 
'Benzene was used as the solvent along with 5 equiv of CCl  ^and 2 mol % PCo-Tol),. 
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and secondary alcohols to ketones, while CCl^^ is converted to CHCI3. The reaction of allylic 
alcohols bearing a terminal olefinic bond afforded an addition product Although the yields 
under these reaction conditions are generally fairly high, the scope is narrow. 
The oxidation of primary and secondary, saturated, allylic or benzylic alcohols has been 
achieved under phase-transfer conditions in 1,2-dichloroethane at reflux using catalytic 
amounts of both PdCl^ and Adogen 464 (methyltrialkyl(C8-Cio)anmioniimi chloride) in the 
presence of excess Na^COj (eq Primary alcohols afford mixtures of aldehydes and esters. 
Allylic alcohols produce small amounts of saturated carbonyl products by a double bond 
migration mechanism (Scheme 2). 
A final strategy for achieving the palladium-catalyzed oxidation of alcohols employs an 
allylic carbonate derivative of the alcohol substrate (eq 8).^  This approach differs from the 
Scheme 2 
10 mol % Adogen 464 
2 equiv Na2C03 
CICH2CH2CI, reflux 
OH 5mol%PdCl2 O 
73% 
H 
H 
8 
O 
A, 10 mol % Pd(dba)2- CHCI3 
^ 
CH3CN, 80 OC 
(8) 
others in that the transformation involves a Pd(0) catalytic cycle, rather than a Pd(II) catalytic 
cycle, which means there is no need for a reoxidant This reaction proceeds by an oxidative 
addition of the allylic carbonate to a Pd(0) species, followed by decarboxylation to form a tc-
allylpalladiimi alkoxide (Scheme 3). This species then undergoes P-hydride elimination to give 
L 
Scheme 3 
,5^ X . /X + PdL4 
the desired carbonyl product This reaction also produces significant quantities of the 
protonated alcohol or the allylic ether as by-products. The best results were obtained using a 
10 mol % Pd(dba)3" CHCI3 catalyst at 80 °C in acetonitrile. A variation on this procedure 
allowed for the use of allyl methyl carbonate to generate the :t-allylpalladium 
intermediate.which then undergoes ligand exchange of the methoxy ligand for the substrate 
alcohol to achieve the desired oxidation (eq 9). 
9 
10moI%Pd(dba)2-CHa3 ° 
•  ^ + 2  ^ »• (9) 
CH3CN, 80 OC, 22 hr 
57% 
A stoichiometric procedure for the selective oxidation of allylic alcohols in the presence 
of other hydroxyl groups was reported by Czemecki and co-workers in 1993.® Readily 
available D-glucal was treated with 1 equiv of Pd(OAc)j and 1.2 equiv of NaOAc at room 
temperature in dimethylformamide (DMF) containing 1 volume % water (eq 10). The 
1 equiv Pd(OAc)2 
1.2 equiv NaOAc 
DMF, It, 2 h 
—OAc 
(10) 
95% 
corresponding acetylated enone was isolated in 95 % yield. This procedure was very selective 
for the oxidation of the allylic hydroxyl, but lead to epimerization a to the product carbonyl 
insome instances. 
The ability of palladium(II) salts to effect the oxidation of alcohols to carbonyl 
compounds has clearly been established. However, the procedures are limited as to the type of 
substrate that can be used, the requirement for a co-oxidant to make the transformation catalytic 
or the need to synthesize the allylic carbonate derivative of the alcohol substrate. The ideal 
reagent for the purpose of reoxidizing the palladiimi is molecular oxygen, which is readily 
available, inexpensive, non-toxic and should produce water as the sole by-product 
Procedures for the palladium-catalyzed oxidation of alcohols using as the reoxidant 
have been developed, but have been limited as to the type of substrate which can be oxidized or 
10 
the need for co-reagents in order to obtain reasonable yields of the desired carbonyl products/ 
The use of oxygen as the sole reoxidant of palladium was first reported by Schwartz and co­
workers in 19777' A catalytic system consisting of 1 mol % PdClj and 0.5 equiv of NaOAc in 
ethylene carbonate at 38 "C with an Oj atmosphere led to efficient oxidation of saturated 
primary and secondary alcohols (eq 11). An attempt to oxidize an olefinic alcohol failed. This 
OH 1 mol % PdCb 
0.5 equiv NaOAc 
ethylene carbonate 
38 OC, O2 
O 
A (11) 
88% 
was reported to be due to poisoning of the catalyst by strong complexalion of palladium by the 
olefin. 
In 1994, Echavairen and co-workers reported the oxidation of allylic alcohols using a 
catalyst system consisting of 10 mol % PdCPPhg)^ in toluene in the presence or absence of both 
NH4PF5 and KjCOj (eq 12)."" This system was only applied to allylic substrates. Variations 
10 mol % Pd(PPh3)4 
OH 1 equiv NH4PF5 
toluene, 100 °C, O2 
(12) 
90% 
of this procedure were shown to produce diallyl ethers as major by-products. 
Catalytic oxidations of alcohols using O  ^as the ultimate stoichiometric oxidant have not 
been limited to palladium chemistry. Many procedures using a variety of metals and co-
oxidants have been reported. Oxygen gas has been used as the sole reoxidant in combination 
11 
with Ru,® Co,' Cu,^ ° Pt" and Rh'^ catalysts and procedures using Cu,^  ^ Ru,^"^ and Co'® 
catalysts plus additional co-oxidants in combination with oxygen gas have been reported. 
The goal of our work was to develop a simple general procedure for the 
palladium-catalyzed oxidation of allylic and benzyUc alcohols, since a satisfactory procedure 
for the palladium-catalyzed oxidation of saturated primary and secondary alcohols, using 
oxygen gas as the sole reoxidant of the palladium, had been put forth by Schwartz.'* Previous 
work in this research groups' and others^® has suggested that a catalyst consisting of 5 mol % 
Pd(OAc)  ^in DMSO with an atmosphere leads to high turnovers of the paliadium(II) 
catalyst This same catalyst system has indeed proven to be effective for the oxidation of 
allylic and benzylic alcohols as herein described. 
Results and Discussion 
Our investigation began with an effort to optimize reaction conditions for the oxidation 
of alcohols using catalytic palladium and gas as the stoichiometric reoxidant 5ec-PhenethyI 
alcohol (1 mmol) was chosen as a model substrate for the optimization process (eq 13). The 
5 mol % Pd(OAc)2 
2 equiv base 
 ^^ (13) 
DMSO(lmL) 
80OC, ©2 
reaction yields were determined by gas chromatographic analysis using an internal standard 
unless otherwise stated. Randomly selected reactions were isolated to compare the isolated 
yields to those determined by gas chromatography. In each case, the isolated yield was within 
4 % of the value determined by gas chromatography. 
A set of initial conditions was selected consisting of 1 mmol of substrate alcohol, 5 mol 
% Pd(0Ac)2, 2 equiv of Na^COj in 1 mL of solvent under an atmosphere of oxygen with 
12 
stirring at 80 "C for 72 h. The first variable examined was the solvent (Table 1). Previous 
work in this group'^ and others'® suggested that DMSO is likely to be the solvent of choice for 
such palladium(II)-catalyzed transformations using as the reoxidant. Nevertheless, other 
solvents that displayed moderate results in other Pd(II)-catalyzed transformations were 
Table 1. Optimization of Solvent for the Palladium-Catalyzed Oxidation of jec-Hienethyl 
Alcohol. 
entry catalyst equiv base temp. ("C) solvent yield (%) 
1 5% Pd(OAc)2 2 Na^COj 80 DMSO 70 
2 5%Pd(OAc)2 2Na^C03 80 DWiSOfH^^ (9:1) 23 
3 5%Pd(0Ac)2 2NajC03 80 CH3CN 7 
examined. The use of DMSO as the solvent led to complete conversion of the starting alcohol 
and afforded the desired ketone in 70 % yield. Acetonitrile or a 9:1 mixture of DMSO/H^O 
showed greatly diminished reactivity and yields under the selected reaction conditions. As 
expected, DMSO appears to be the most effective solvent for oxidation of the chosen substrate 
under the selected reaction conditions. 
The next task was to find the best catalyst for the transformation. A series of four 
catalysts was examined with three commonly employed inorganic bases (Table 2). Three bases 
were examined to prevent a catalyst from being excluded because it did not perform well with a 
particular base. A survey of the results show Pd(OAc)2 to be the most effective catalyst for the 
reaction under the various conditions examined. The other palladium(II) salts examined, PdQ^ 
results. 
The reaction temperature was the next variable examined (Table 3). The best reactions 
from those presented above were complete within the allowed three days reaction time. The 
temperature of a series of reactions was reduced from 80 "C to 60 °C to see if the higher 
and Pd(02CCF3)j, gave moderate results, while the palladiimi(O) salt, Pd(dba)2, gave poor 
13 
Table 2. Optimization of the Catalyst for the Pailadiimi-Catalyzed Oxidation of J^c-Phenethyl 
Alcohol. 
entry catalyst equiv base temp. (°C) time (h) solvent yield (%) 
1 5% Pd(OAc)2 2 NaHCOj 80 72 DMSO 80 
2 5% Pd(OAc)2 2NaOAc 80 72 DMSO 24 
3 5% Pd(OAc)2 2 Na^COj 80 72 DMSO 68 
4 5% PdCl, 2 NaHCOj 80 72 DMSO 19 
5 5% PdClj 2NaOAc 80 72 DMSO 40 
6 5% PdClj 2 Na^COj 80 72 DMSO 29 
7 5% PdCOjCCFj)^ 2 NaHCOj 80 72 DMSO 59 
8 5% PdCOjCCFj)  ^ 2NaOAc 80 72 DMSO 54 
9 5% PdCOjCCFj)^ 2 Na^COj 80 72 DMSO 33 
10 5% Pd(dba)2 2 NaHCOj 80 72 DMSO 17 
11 5% PdCdba)  ^ 2NaOAc 80 72 DMSO 15 
12 5% Pd(dba)j 2Na,C03 80 72 DMSO 21 
Table 3. Optimization of Reaction Temperature for the Palladiirai-Catalyzed Oxidation of sec-
Phenethyl Alcohol. 
entry catalyst equiv base temp. ("C) time (h) solvent yield (%) 
1 5%Pd(OAc)2 2 NaHCOj 80 72 DMSO 68 
2 5%Pd(OAc)2 2KHCO3 80 72 DMSO 64 
3 5 % Pd(OAc)2 2 Na2C03 80 72 DMSO 68 
4 5 % Pd(OAc)j 2K2CO3 80 72 DMSO 66 
5 5 % Pd(OAc)2 2 NaHCOj 60 72 DMSO 56 
6 5 % Pd(OAc)2 2KHCO3 60 72 DMSO 37 
7 5 % Pd(OAc)j 2 Na^COs 60 72 DMSO 43 
8 5 % Pd(OAc)j 2K,C03 60 72 DMSO 37 
14 
temperature is indeed necessary to achieve complete reaction in the allotted time. Again, a 
series of commonly used inorganic bases was employed, including a couple not examined 
earlier. The results indicate that the higher temperature is necessary to achieve complete 
conversion of starting material and the highest yields of product None of the reactions at 60 
°C had reached completion in the 72 h reaction period. 
Having established what appeared to be the optimal solvent, catalyst and temperature, 
attention was turned toward the base. A series of inorganic bases and one organic base, 
triethylamine, were examined (Table 4). From this data, NaHCOj, KHCO3, Na^COj 
andKjCOj were observed to afford the highest yields. The results from these four bases were 
similar enough that one could not select a single best base under the reaction conditions 
examined. 
Table 4. Optimization of Base for the Palladium-Catalyzed Oxidation of 5ec-PhenethyI 
Alcohol. 
entry catalyst equiv base temp. (°C) time (h) solvent yield (%) 
1 5 % Pd(OAc)2 2U0AC-2H20 80 72 DMSO 48 
2 5 % Pd(OAc)2 2NaOAc 80 72 DMSO 24 
3 5 % Pd(OAc)j 2KOAC 80 72 DMSO 24 
4 5%Pd(0Ac)j 2CsOAc 80 72 DMSO 24 
5 5 % PdCOAc)^ 2 NaHCO, 80 72 DMSO 68 
6 5%Pd(OAc)j 2KHCO3 80 72 DMSO 64 
7 5%Pd(OAc)j 2U,C03 80 72 DMSO 57 
8 5 % Pd(OAc)j 2 Na2C03 80 72 DMSO 68 
9 5 % Pd(OAc)j 2K1CO3 80 72 DMSO 66 
10 5%Pd(OAc)2 lEtjN 80 72 DMSO 14 
15 
The four bases observed above were each used in a series of experiments designed to 
examine the reaction time (Table 5). Up to this point, the reactions were allowed to stir at 80 
"C for 72 h regardless of how long the reaction may have taken to reach completion. All of the 
reaction time had not been determined. Preliminary data indicated that the product is not 
Table 5. Optimization of Reaction Time for the Palladium-Catalyzed Oxidation of sec-
Phenethyl Alcohol. 
entry catalyst equiv base temp. CQ time (h) solvent yield (%) 
1 5%Pd(OAc)j 2 NaHC03 80 72 DMSO 68 
2 5%Pd(OAc)j 2KHCO3 80 72 DMSG 64 
3 5%Pd(OAc)2 2Na,C03 80 72 DMSO 68 
4 5%Pd(OAc)j 2KjC03 80 72 DMSO 66 
5 5%Pd(OAc)2 2 NaHC03 80 48 DMSO 65 
6 5%Pd(OAc)2 2KHCO3 80 48 DMSO 69 
7 5%Pd(OAc)2 2 Na^COj 80 48 DMSO 74 
8 5%Pd(OAc)j 2K2CO3 80 48 DMSO 67 
9 5%Pd(OAc)2 2 NaHC03 80 24 DMSO 91 
10 5%Pd(OAc)j 2KHCO3 80 24 DMSO 74 
11 5%Pd(OAc)2 2 NajC03 80 24 DMSO 50 
12 5%Pd(OAc)j 2K2CO3 80 24 DMSO 66 
13 5%Pd(OAc)j 2 NaHC03 80 12 DMSO 77 
completely stable under the reaction conditions. In several instances, the product yields were 
observed to decrease over time. This is most likely due to base-induced condensation reactions 
of the product, although no products of this type have actually been isolated. With shorter 
reaction times, differences in the reactivity and yields of the different bases might also be 
16 
established. The highest yield (91 %) in fact was obtained using NaHCOj and only a 24 h 
reaction time (Table 5, entry 9). 
The stoichiometry of the base was examined using a variety of concentrations of 
NaHCOj, from none to 2 molar equivalents (Table 6). The yields of the desired product 
Table 6. The Optimization of Base Stoichiometry for the PaIladium(II)-Catalyzed Oxidation 
of .ygc-Rienethyl Alcohol. 
entry catalyst equiv base temp. °C time (h) solvent yield (%) 
1 5%Pd(OAc)2 no base 80 24 DMSO 30 
2 5%Pd(OAc)j 0.1 NaHCOj 80 24 DMSO 44 
3 5%Pd(OAc)j 0.5 NaHCOj 80 24 DMSO 65 
4 5%Pd(OAc)j 1 NaHC03 80 24 DMSO 83 
5 5%Pd(OAc)j 2 NaHCOj 80 24 DMSO 91 
increased as the amount of NaHCOj increased. Above 2 equivalents, the reaction mixture 
became clearly heterogeneous and magnetic stirring was impeded. 
Finally, the concentration of the reaction was examined (Table 7). All previous 
reactions had employed 1 mL of solvent for 1 mmol of substrate. Reducing the amount of 
solvent would be desirable to limit the amount of waste generation from this procedure, 
especially if the oxidation were perfonned on a larger scale. Reducing the amount of solvent 
Table 7. The Optimization of Reaction Concentration for the Palladium(II)-Catalyzed 
Oxidation of ^ ec-Rienethyl Alcohol. 
entry catalyst equiv. base temp. ("C) time(h) solvent yield (%) 
"1 5%Pd(OAc)2 2NaHC03 80 24 1 ml DMSO 92 
2 5%Pd(OAc)2 2NaHC03 80 24 0.5 mL DMSO 61 
3 5 % Pd(OAc)2 2 NaHCOj 80 24 0.25 mL DMSO 62 
17 
made the reactions clearly heterogeneous and magnetic stirring was impeded. The yields for 
the reactions run at higher concentrations were diminished compared to the standard 
concentration. 
The final optimized reaction conditions for the palladium(II)-catalyzed oxidation of 1 
mmol of jec-phenethyl alcohol were determined to be 5 mol % PdCOAc)  ^and 2 equiv of 
NaHCOj in 1 mL of DMSO for 24 h at 80 °C under an atmosphere of (Procedure A, eq 14). 
The goal was now to apply the optimized conditions to a variety of primary and secondary 
allyiic and benzylic alcohols (Table 8). 
Application of the optimized reaction conditions to benzyl alcohol lead to a complex 
mixture of products, although the desired benzaldehyde was the major component of the 
mixmre. By removing the base from the reaction, benzaldehyde was obtained cleanly in a 90 
% yield as determined by gas chromatography. This problem of the optimized conditions 
leading to significant by-product formation was prevalent with most primary alcohol 
substrates, so this base-free procedure was adopted as an alternative procedure (Procedure B). 
In summary, two general procedures for the oxidation of allyiic and benzylic alcohols 
by Pd(OAc)2 have been developed, the use of which depends on the nature of the alcohol 
undergoing oxidation: procedure A, 1 mmol of substrate, 5 mol % Pd(OAc) ,^ 2 equiv of 
NaHCO^, an atmosphere, 1 mL of DMSO at 80 °C; procedure B, 1 mmol of substrate, 5 
mol % Pd(OAc)^, an atmosphere, 1 mL of DMSO at 80 °C. Results using these procedures 
are summarized in Table 8. 
OH 5mol%Pd(OAc)2 
1 2 NaHCOs 
O 
(14) 
DMSO 
80 OC, O2, 24hr 
91 % 
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Tabie 8. Palladiiim(II)-Catalyzed Oxidation of Primary and Secondary Allylic and Benzylic 
Alcohols. 
entry substrate 
% isolated 
product procedure time (d) yield 
O 
OH 
B 2 90" 
OH 
B 1 92 
MeO 
•OMe 
'OMe 
OH 
OH 
B 0.5 95 
B 3 66 
B 3 48» 
OgN 
OH 
O^N 
B 57 
7 MeO, 
H 
MeO 
B 59 
Table 8 (continued) 
h 2 61 
B 1 53' 
"Yield determined by gas chromatography. "Reaction used 1 inmol of substrate in 5 mL of 
DMSO. Thenol observed in 37 % yield by gas chromatography. 
Procedure A works well for secondary allylic and benzylic substrates. The base 
present in procedure A tends to promote the generation of side-products when primary 
allylicand benzylic substrates are used; therefore, procedure B was developed. Procedure B 
also works on most secondary allylic and benzylic alcohols, but the rates of reaction are 
generally significantly slower in the absence of the base. 
In general, the reactions of primary benzylic alcohols were very clean using procedure 
B (Table 8, entries 1-7). An interesting electronic effect seems to exist for these benzylic 
systems. Comparing benzyl alcohol (entry 1) to the benzylic alcohols with electron-releasing 
substituents (entries 2 and 3), the reaction times for the electron-rich arenes were significantly 
shorter. The oxidation of m-hydroxybenzyl alcohol required a longer reaction time (entry 4), 
which might be attributed to coordination of the phenoxide to the palladium catalyst, thereby 
decreasing the rate of reaction. Primary benzylic systems with electron-withdrawing groups 
(entries 5-7) also required longer reaction times and gave lower yields. Most of the reactions 
of these substrates did not go to completion. In the case of /7-nitrobenzyl alcohol (entry 6), a 
significant amount of the product /7-nitrobenzaldehyde (>20%) was converted to nitrobenzene, 
presumably by palladium-catalyzed decarbonylation (Scheme 4)." Increasing the temperature 
and/or adding base to these reactions did not improve the yields. 
Table 8 (continued) 
OH 
21 
Scheme 4 
O O 
O^N 
H 
PdL4 
-2L ON 
2 
Pd N. 
JH -L 
L 
H CO N • 
Pd + 2L 
+ Pd(CO)L3 
ON 
2 
ON 
2 
Secondary benzylic substrates generally gave very clean, high yielding reactions (Table 
8, entries 8-12). The addition of base served to increase the rate of reaction without leading to 
significant amounts of side-products. In some cases, the rate enhancement was substantial. 
For example, the oxidation of benzoin (entry 11) with base is complete in 1 day, but without 
base the reaction requires more than 5 days to reach completion. The electronic effect observed 
for the primary benzylic systems also seems to be prevalent in the case of secondary benzylic 
systems. p-Nitroacetophenone (entry 12) required a longer reaction time and gave a decreased 
yield when compared to more electron-rich secondary benzylic substrates. 
In general, reactions of primary and secondary allylic substrates were not as clean as 
the benzylic systems and lead to lower yields (Table 8, entries 13-17). AllyUc alcohols have 
been shown to form diallyl ethers under conditions similar to those used for this oxidation, 
although none have been observed using our procedures.^ '' Some modifications to the general 
procedure were made to optimize the yields for some allylic substrates. For example, cirmamyl 
alcohol (entry 14) gave best results when the reaction was diluted to 1 mmol of substrate in 5 
mL of DMSO. The increased yield can possibly be attributed to the fact that we are disfavoring 
intermolecular processes by dilution of the reaction mixture. Using procedure A on 2-
cyclohexen-l-ol led to phenol as the major product By using procedure B with no base, the 
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yield of 2-cycIohexen-l-one was increased to 42%, but phenol was still observed in 37% yield 
(entry 15). 
WMle most reactions were run on just a I mmol scale, the oxidation conditions also 
proved successful on a larger scale. A 10 mmol reaction of 2,5-dimethoxybenzyl alcohol using 
procedure B provided the aldehyde in an 81% isolated yield and a 100 mmol reaction of 
benzhydrol using procedure A provided the corresponding diketone in an 83% isolated yield. 
This catalytic process is believed to proceed via coordination of the alcohol substrate to 
the palladium(II) catalyst, followed by p-hydride elimination to form the carbonyl product and 
a palladiima hydride species. The palladium hydride species then undergoes reductive 
elimination to form palladium(O). Molecular oxygen oxidizes the palladium(O) species back to 
the active state, thereby allowing the cycle to continue (Scheme 5). 
The optimized reaction conditions were applied to a variety of saturated primary and 
secondary substrates with no success (Scheme 6). The reactions were conducted using both 
procedures A and B with a minimimi reaction time of 72 hours. In most cases, the starting 
material remained imchanged. An explanation for the unreactivity of these substrates under the 
optimized conditions, while the same substrates showed good reactivity under Schwartz's 
conditions using ethylene carbonate as the solvent, can be found in the nature of the solvents as 
ligands for the palladium and the reactivity of the alcohol substrates. Ethylene carbonate is a 
polar, aprotic solvent that is weakly coordinating with palladium. In a reaction mixture with an 
alcohol substrate, the alcohol will tend to dominate the neutral coordination sites on the metal, 
which allows significantly long coordination lifetime for the oxidation to occur. Olefinic 
alcohols do not work well under these conditions, because the olefin competes favorably for 
the coordination sites, thereby reducing the catalyst activity. DMSO is also a polar, aprotic 
solvent, but is a good ligand for palladium, coordinating through either the sulfur or the 
oxygen atom, usually the sulfur atom.^° In a reaction mixture with an alcohol substrate. 
23 
!me 5 
OH 
''I 
H 
H 
Pd(0Ac)2Lg 
-L 
AcQ-. ^ 
^O'^ Vt)Ac 
•OAc" 
OAc" 
1. L 
+ HOAc 
+ L 
/ 
K 
q w 
H HPd(OAc)L2 
HPd(0Ac)L2 + 2L 
L4 + 0.5 O2 +2 HOAc 
me 6 
H 
OH 
,i>' 
PdL4 + HOAc 
-*• Pd(OAc)2L2 + 2 L + HgO 
24 %, 96 hr 
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DMSO molecules compete with alcohols and olefins, in the case of allylic alcohols, for the 
coordination sites. This comf)etition shortens the coordination lifetime of the alcohol, thereby 
allowing only the oxidation of the more reactive allylic and benzyhc substrates on a 
synthetically useful time scale. 
The inability of this catalyst system to oxidize saturated primary and secondary alcohols 
suggests that there may be a possibility to achieve selective oxidation of one hydroxyl over 
another if one were allylic or ben2ylic and the other were saturated. A limited number of 
experiments have been conducted. The first substrate was obtained from another research 
group and consisted of a primary benzyhc hydroxyl and a secondary allylic and benzylic 
hydroxyl (eq 14).^^ The expectation was that the primary benzylic hydroxyl would oxidize 
quickly, thereby becoming a deactivating substituent for the secondary hydroxyl and allowing 
5 mol % Pd(OAc)2 23 % 
• 
DMSO 
800C,02, 36 h 
(14) 
OH 
52% 
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for selective oxidation. Two products were obtained from the reaction. A cyclic ether was 
obtained in 23 % isolated yield. This product may have been generated by two conceivable 
mechanisms. One possibilty involves the reaction of a Pd(0) species with the allylic hydroxyl 
to form a jc-allylic palladium species, followed by nucleophilic attack by the T benzylic 
hydroxyl to form the observed product A second possibility would be an acid catalyzed ring 
closure employing the acetic acid that is generated during the Pd(II) catalytic cycle (Scheme 5). 
A dicarbonyl pjroduct was also obtained in 52 % isolated yield. The lack of selectivity in this 
system may be attributed to the presence of the activating methoxy substituent on the aromatic 
ring counteracting the proposed selectivity-generating deactivation by the newly formed 
aldehyde function. 
A second attempt at selective oxidation involved a simpler model of the complex 
substrate previously described (eq 15). This reaction gave a fairly complex product mixture 
O 
5 mol % Pd(OAc)'7 
 ^ I I i J 
80 OC, Oo, 36 h T 
OH 
20% 
4 other products 
from which the desired product from selective oxidation could be obtained in 20 % isolated 
yield. GCMS analysis of the product mixture indicated the presence of four other products. 
T wo of the compounds, which accounted for 18 and 12 % or the product mixture by gas 
chromatography, were found to exhibit a mass of 210, which could be the dicarbonylproduct 
and a product from the palladium-catalyzed lactonization of the the desired product There was 
also a compound of mass 196 that accounted for 60 % of the mixture which is suspected to be 
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a cyclic ether corresponding to the product observed from the previous substrate, but the 
structure could not be confirmed. Only the structure of the desired product could be identified 
by'HNMR 
The potential for selective oxidation with this palladium(II)-DMS0-02 catalyst system 
has been demonstrated. A substrate containing both a 1° and a T hydroxyl attached to the 
same aromatic ring was observed to generate low to moderate yields of products resulting from 
the selective oxidation of the 1° hydroxyl. The selection of proper substrates and optimization 
of the reaction conditions could see this selective oxidation develop into a useful procedure. 
Conclusion 
An efficient system for the palladium-catalyzed oxidation of primary and secondary-
allylic and benzylic alcohols has been developed using O  ^as the sole reoxidant of the 
palladium. The conditions have been applied to a wide variety of substrates producing the 
desired carbonyl compounds in moderate to excellent yields. The reaction has been shown to 
be effective on a 100 mmoi scale with no change in reactivity or yield. 
Experimental 
General. All 'H and NMR spectra were recorded at 400 and 100.5 MHz, 
respectively. Thin-layer chromatography (TLC) was performed using commercially prepared 
60 mesh silica gel plates (Whatman K6F), and visualization was effected with short 
wavelength UV light (254 nm) or basic KMn04 solution [3 g KMn04 + 20 g KjCOj + 5 mL 
NaOH (5%) + 300 mL H^O]. All melting points are uncorrected. 
Reagents. All reagents were used directly as obtained commercially unless otherwise 
stated. KMnO^, KjCOj, NaOH, NaHCOj, benzophenone and dimethylsulfoxide were 
obtained from Fisher Scientific. CeClj, benzyl alcohol, benzaldehyde,p-methylbenzyl 
alcohol, p-tolualdehyde, 2,5-dimethoxybenzyl alcohol, 2,5-dimethoxybenzaldehyde, 3-
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hydroxybenzyl alcohol, 3-hydroxybenzaIdehyde, 3-chlorobenzyl alcohol, 3-
chlorobenzaldehyde, 4-nitrobenzyl alcohol, 4-mtrobenzaldehyde, methyl 4-
(hydroxymethyl)benzoate, methyl 4-fonnyIbenzoate, 33,6,S-tetramethyltetralone, benzhydrol, 
methyl /?-tolyIcarbinol, 4-methylacetophenone, benzoin, benzil, 4-nitroacetophenone, 
myrtenol, myrtenal, cinnamyl alcohol, cinnamaldehyde, 2-cyclohexen-l-ol, 2-cyclohexen-l-
one, isophorone and l-octen-3-ol were obtained from Aldrich Chemical Co. Palladiimi acetate 
was obtained from Johnson Matthey, Inc. and Kawaken Fine Chemicals Co., Ltd. 
General procedure for alcohol ondation. To a mixture of substrate (1 mmol) 
in DMSO (1 mL) was added 5 mol % Pd(OAc)  ^and NaHCO^ (2 equiv where indicated). The 
flask was equipped with a magnetic stir bar and purged with oxygen gas. A septum was 
placed over the opening of the flask and a balloon of oxygen gas attached to the flask through 
the septum by a needle. The reaction was stirred at 80 °C until the reaction had reached 
completion as indicated by thin-layer chromatographic analysis. The reaction mixture was 
cooled to room temperature and then placed directly onto a column of silica gel and eluted with 
an appropriate combination of hexane/ethyl acetate. The fractions containing the product were 
combined and concentrated in vacuo. 
The products of Table 8, entries 2-4,6-12,14 and 16 were identified by comparing 
their 'H and '^C NMR spectra and melting points (where possible) with authentic samples. 
The yields for the products of entries 1,5, 13,15 and 17 were determined by gas 
chromatography using authentic samples and appropriate correction factors. 
/^-Methylbenzaldehyde (entry 2). NMR (400 MHz, CDCI3) 6 2.41 (s, 3 H), 
7.30 (d, 7= 7.9 Hz, 2 H), 7.75 (d, 7= 7.9 Hz, 2 H), 9.94 (s, 1 H); '^C NMR (100.5 MHz, 
CDQa) 6 21.86, 129.73, 129.84, 134.22, 145.55, 191.97. 
2,5-Dimethoxybenzaldehyde (entry 3). mp 50-52 ^ C; ^H NMR (400 MHz, 
CDQs) 6 3.80 (s, 3 H), 3.90 (s, 3 H), 6.96 (d, 7= 9.0 Hz, 1 H), 7.14 (dd, J = 8.0, 4.0 Hz, 
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1 H), 7.33 (d, 7= 4.0 Hz, 1 H), 10.45 (s, IH); '"c NMR (100.5 MHz, CDQs) 6 55.85, 
56.19, 110.41, 113.37, 123.54, 124.94, 153.63, 156.75, 189.64. 
3-Hydroxybenzaidehyde (entry 4). mp 103-105 OC; 'h NMR (400 MHz, CDCI3) 
6 5.92 (br s, 1 H), 7.16 (dt, J= 8.0, 4.0 Hz, 1 H), 7.39-7.47 (m, 3 H), 9.96 (s, 1 H); "c 
NMR (100.5 MHz, CDa3) 6 114.81, 122.18, 123.62, 130.47, 137.83, 156.45, 192.61. 
4-Nitrobenzaldehyde (entry 6). mp 106-107 oC; 'h NMR (400 MHz, CDCI3) 6 
8.09 (d, 7= 8.0 Hz, 2 H), 8.41 (d, J= 8.0 Hz, 2 H), 10.17 (s, 1 H); NMR (100.5 MHz, 
CDa3) 6 124.71, 130.88, 140.43, 151.52, 190.71. 
Methyl 4-formylbenzoate (entry 7). mp 61-62 °C; ^H NMR (4(X) MHz, CDQ3) 6 
3.97 (s, 3 H), 7.96 (d, 7= 8.0 Hz, 2 H), 8.21 (d,7= 8.0 Hz, 2 H), 10.11 (s, 1 H); "c NMR 
(100.5 MHz, CDCI3) 6 52.63, 129.56, 130.23, 135.13, 139.18, 166.10, 191.68. 
3,3,6,8-Tetramethyltetralone (entry 8). mp 58-59 ^C; ^H NMR (400 MHz, 
CDQb) 6 1.04 (s, 6 H), 2.31 (s, 3 H), 2.46 (s, 2 H), 2.61 (s, 3 H), 2.79 (s, 2 H), 6.87 (s, 1 
H), 6.89 (s, 1 H); NMR (100.5 MHz, CDCI3) 6 21.80, 23.58, 28.46, 33.51, 45.17, 
54.83, 128.26, 128.34, 131.69, 141.65, 143.39, 144.45, 20034. 
Benzophenone (entry 9). mp 49-51 °C; 'h NMR (400 MHz, CDCI3) 6 7.48 (tt, 7 = 
8.0, 4.0 Hz, 4 H), 7.59 (tt, 7 = 8.0,4.0 Hz, 2 H), 7.79-7.83 (m, 4 H); "c NMR (100.5 
MHz,CDCl3)6 128.15, 129.92, 132.29, 137.45, 196.79. 
4-Methylacetophenone (entry 10). ^H NMR (400 MHz, CDQs) 6 2.41 (s, 3 H), 
2.57 (s, 3 H), 7.25 (d, 7 = 8.0 Hz, 2 H), 7.85 (d, 7= 8.0, 2 H); NMR (100.5 MHz, 
CDa3) 6 21.65, 26.56, 128.47, 129.27, 134.72, 143.91, 198.88. 
Benzil (entry 11). mp 94-95 oC; 'h NMR (400 MHz, CDCI3) 6 7.50 (t, 7 = 8.0 Hz, 
4 H), 7.66 (t, 7= 8.0 Hz, 2 H), 7.98 (d, 7= 8.0 Hz, 4 H); NMR (100.5 MHz, CDCI3) 6 
129.08, 129.96, 133.03, 134.95, 194.63. 
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4-Nitroacetophenone (entry 12). mp 79-80 OC; NMR (400 MHz, CDCI3) 6 
2.69 (s, 3 H), 8.12 (d, 7= 8.0 Hz, 2 H), 8.325 (d, /= 8.0 Hz, 2 H); "c NMR (100.5 MHz, 
CDQs) 6 27.04, 123.91, 129.36, 141.41, 150.40, 196.35. 
^ans-Cinnamaldehyde (entry 14). ^H NMR (400 MHz, CDCI3) 6 6.70 (dd, J -
16.0, 7.7 Hz, 1 H), 7.42 (m, 3H), 7.45 (d, 7= 16.0 Hz, 1 H), 7.54 (m, 2 H), 9.69 (d, 7 = 
7.7 Hz, IH); NMR (100.5 MHz, CDCI3) 8 128.57, 128.59, 129.16, 131.34, 134.04, 
152.86, 193.77. 
Isophorone (entry 16). 'h NMR (400 MHz, CDQs) 6 1.04 (s, 6 H), 1.95 (d, J = 
0.44 Hz, 3 H), 2.19 (s, 4 H), 5.86 (t, 7= 1.28 Hz, 1 H); NMR (100.5 MHz, CDCI3) 6 
24.44, 28.22, 33.42, 45.12, 50.70, 125.35, 160.22, 199.61. 
Cyclic ether product (eq 14). 'H NMR (400 MHz, CDCI3) 8 1.96 (m, 1 H), 2.21 
(m, 1 H), 2.30 (s, 3 H), 2.72 (m, 2 H), 3.72 (s, 3 H), 3.82 (s, 3 H), 5.10 (d, 7= 12.4 Hz, 1 
H), 5.23 (dd, 7 = 12.4, 2.8 Hz, 1 H), 5.87 (s, 1 H), 6.54 (s, 2 H), 6.72 (d, 7 = 8.4 Hz, 1 H), 
6.83 (d, 7 = 8.4 Hz, 1 H), 6.90 (s, 1 H), 7.27 (t, 7 = 8.4 Hz, 1 H); GCMS found 322. 
Dicarbonyl product (eq 14). 'H NMR (400 MHz, CDCI3) 6 2.32 (s, 3 H), 2.81 
(m, 4 H), 3.69 (s, 3 H), 3.82 (s, 3 H), 6.48 (s, 1 H), 6.63 (s, 1 H), 7.23 (m, 2 H), 7.56 (m, 
2 H), 9.91 (s, 1 H); GCMS found 336. 
2-FormylbenzhydroI (eq 15). 'H NMR (400 MHz, CDCI3) 5 1.65 (br s, 1 H), 
6.41 (s, 1 H), 7.50 (m, 9 H), 10.04 (s, 1 H); GCMS found 212. 
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CHAPTER 2: EFFORTS TOWARD THE PALLADIUMOD-CATALYZED 
DEHYDROGENATION OF p-DICARBONYL COMPOUNDS 
A paper to be submitted to the Journal of Organic Chemistry 
Karl P. Peterson and Richard C. Larock* 
Department of Chemistry, Iowa State University, Ames, Iowa 50011 
Introduction 
Perhaps the most common synthesis of alkylidene p-dicarbonyl compounds involves 
the Knoevenagel condensation of an activated methylene compound with an aldehyde or ketone 
(eq 1). Occasionally in a synthesis, one may desire to achieve the same type of product from a 
O EE 
^  A ,  —  
R R' R K. 
E = CO2R, COR, CN, SO2R, NOo R, R* = H, alkyl, aryl 
saturated precursor. This has proven to be a fairly challenging problem in organic synthesis 
relying on the labor-intensive construction of complex substrate molecules for intramolecular 
condensations or the stoichiometric use of toxic reagents. 
An early ^ proach to this type of substrate focused on the synthesis of 2-carboethoxv -
2-cyclohexenone via an intramolecular Knoevenagel condensation.^  The substrate for the 
condensation was synthesized from acetylacetone in three steps and was self-condensed with 
catalytic TsOH in acetone to give the desired compound in 35-50 % yield (Scheme 1). 
Although this approach is suitable for the synthesis of simple cyclic unsaturated 
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Scheme 1 
O O 
o o 
CHCOCH^CH^)^ acetone 
TsOH 
P-dicarbonyl compounds, more complex compounds would require the synthesis of more 
complex condensation precursors, which takes away from the generality of this synthetic 
method. 
In 1970, Gorenstein and co-workers used a procedure suggested by Corey for the 
synthesis of alkylidene acetylacetone.^  This strategy involved the acetoxylation of alkyl 
acetylacetone derivatives with PbCOAc) ,^ followed by pyrolysis (Scheme 2). The overall yield 
Scheme 2 
o o o o o o 
of this process for isopropyl acetylacetone was 14 %. This process offers the flexibility for 
incorporation of a wide variety of primary or secondary alkyl substiments on the acetylacetone, 
but suffers from a low yield and the need for pyrolysis equipment 
Procedures for the dehydrogenation of p-dicarbonyl compoimds have also borrowed 
from the synthetic approaches for converting ketones into enones. One such report, by Marx,^  
involved oxidation of 2-carbomethoxycyclopentanone with selenium dioxide in refluxing 
dioxane (eq 2). The product enone was unstable under the reaction conditions and polymerized 
rapidly on attempted purification. The unstable product could, however, be trapped as a Diels-
Alder adduct with cyclopentadiene and subsequently purified (Scheme 3). The desired enone 
could then be released via a retro Diels-Alder process at 438 "C and collected at -10 °C where it 
Pb(OAc)4 550-590 OC 
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O O 
(V o 
Se02^ dioxane 
O O 
45% 
(2) 
Scheme 3 
O O 1. SeOo dioxane 00 Me 
- O 
cyclopentadiene 
could be kept for several hours before the onset of polymerizatioii. Marx later used this 
methodology in the synthesis of natural products, including (-)-acorone,'* sarkomycin  ^and 
sarkomycin analogues.® 
In 1974, Reich and co-workers reported the extension of the selenoxide syn elimination 
methods for the synthesis of enones to the preparation of unsaturated p-dicarbonyl compounds 
(Scheme 4).' In this method, a THF solution of the P-dicarbonyl compound is treated with 
Scheme 4 
1. NaH, THF 
2. PhSeCl iePh 
03 or 
H9O7 
O 
6  ^
86% 90% 
excess NaH, followed by the addition of 1.05 equiv of PhSeCI. The a-phenylseleno-p-
dicarbonyl compound can then be oxidized and eliminated by ozonolysis or H^O^. A full 
account of this work was published in 1975.® 
Another variation of the a-selenation procedure was reported by Liotta and co-workers 
in 1981.' This procedure was restricted to p-dicarbonyl compounds that substantially 
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enolized. The prcx:edure involves selenation using a 1:1 complex of PhSeCl/pyridine and in 
situ oxidation with 30 % H^Oj, after removal of the pyridine (eq 3). The advantages of this 
methodology are: (a) strong base and anhydrous solvents are unnecessary; (b) isolation of 
intemiediate selenides is uimecessary; (c) the reaction conditions are compatible with a variety 
O O 
H 
1. PhSeCl/pyridine 
2. H2O2 
O O 
85% 
(3) 
of other functional groups, such as ketones, esters, alcohols, ethers. 
Another approach to unsaturated P-dicarbonyl compounds, reported by Liotta, Ensley 
and co-workers, uses the direct reaction of the p-dicarbonyl anion with selenium metal, 
followed by alkylation with methyl iodide to form the methylseleno derivative. This compound 
can then be subjected to oxidative elimination using either m-chloroperbenzoic acid or 30 % 
HjOj as oxidants (Scheme 5).'° This procedure has the disadvantages of requiring the 
Scheme 5 
O O 
1. NaH 
2. Se 
3. Mel 
O O 
1 i^SeMe 
m-CPBA or 
• 
30 % H-jCh 
75% 83 % 
isolation of the intermediate methylselenide and not being effective on p-ketoaldehydes, but is 
more cost effective than procedures employing the more expensive PhSeX reagents (X = CI, 
Br, SePh). 
Still another approach to a-phenylseleno P-dicarbonyl compounds, which could be 
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subjected to oxidative elimination, employs selenium dioxide and diphenyl diselenide and 
catalytic H^SO^ (eq 4)." This procedure affords moderate to good yields and offers a suitable 
alternative to the strongly basic conditions previously employed. 
The selenium-based methodology for introducing unsaturation in p-dicarbonyl 
O O SeC)2 
PhSeSePh 
^ ^ r. (4) 
 
AA O cat H2SO4 
\ / CH2CI2 
66% 
compounds was extended by Krafft and co-workers to include p-ketolactams in their synthetic 
approach to cytochalasins/  ^ This procedure used the strong base/anhydrous solvent approach 
to anion generation and employed wi-CBPA to induce the oxidative elimination (eq 5). The 
desired unsaturated p-ketolactams were obtained in good yields. 
1. KN(TMS)2 
2. PhSeCl 
(5) 
3. m-CPBA 
R = CH3, Ph 
A completely different ^ proach to the synthesis of P-dicarbonyl compounds was 
reported by Smith and co-workers in 1978." This strategy used a-ketovinyl anion equivalents 
In 1993, Schultz reported that cyclic p-ketoesters and p-ketoamides could be converted 
generated from the reaction of w-butyllithium and ketals of a-bromoenones (eq 6). The a-
ketovinyl anion equivalent could be quenched with a variety of electrophiles. This strategy was 
only applied to cyclic enones. 
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81 % 
In 1993, Schultz reported that cyclic P-ketoesters and P-ketoanaides could be converted 
into 2-(carbaIkoxy)- and 2-(aniinocarbonyl)-2-cycIoalken- 1-ones by PbCOAc)^ and CuCOAc)^ 
in benzene (eqs 7 and 8). The yields for this reaction are moderate to good for 5-, 6- and 7-
membered ring p-ketoesters and p-ketoamides. The reaction conditions were only applied to 
1. n-butyl lithium/THF 
2. ClCCbB 
3. H+ 
(6) 
OMe 
2 equiv Pb(OAc)4 
2.5 mol % CU(OAC)2 
benzene 
OMe (7) 
20% 
.OMe .OMe 
2.5 mol % CU(OAC)2 
benzene 
55% 
cyclic systems. 
The current synthetic methodology for the synthesis of a,p-unsaturated-p-dicarbonyl 
compounds from saturated precursors rely on labor-intensive construction of complex substrate 
molecules for intamclecular condensations or the stoichiometric use of toxic reagents. A 
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catalytic procedure employing palladiimi(II) methodology would offer an attractive altemative 
to these other approaches. 
Results and Discussion 
The development of a procedvire for the palladium(II)-catalyzed dehydrogenation of P-
dicarbonyl compounds began with an effort to find and optimize reaction conditions for a 
model substrate. The first choice of substrate was diethyl methylmalonate (eq 9). The reaction 
O O 5 mol % Pd(OAc)2 
2NaHC03 
n / (9) 
° ' DMSO,800C,02 
36 h 
proceeded very well, but the observed product was actually the result of three sequential 
reactions: (1) palladium(II)-catalyzed dehydrogenation, (2) Michael addition and (3) 
palladium(ll)-catalyzed dehydrogenation. The propensity of the expected product, diethyl 
methylenemalonate, to undergo Michael addition made this a poor choice for a model system, 
although the success of this transformation was encouraging. 
Dimethyl benzylmalonate, which is easily prepared by a Knoevenagel condensation of 
dimethyl malonate and benzaldehyde, followed by hydrogenation with 10 % Pd/C, was 
selected as an altemative model system (eq 10). The new model substrate was subjected to a 
variety of reaction conditions (Table 1). A set of standard conditions for the cyclization of 
olefinic tosylamides was used as the starting point for the optimization process. One 
difficulty became apparent from these experiments, that being the fact that the starting material 
and product have the same by TLC. The product is very UV active and quickly dominates 
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the chromatogram, thereby giving a false indication that the reaction is complete. 
The standard conditions with and without base (Table 1, entries 1 and 2, respectively) 
gave what appeared to be complete reactions within 13 h. The reaction wi±out base gave 
excellent recovery of material, but the NMR spectrum of the product mixture indicated that 
the reaction had not proceeded very far. The reaction with base provided a moderate recovery 
of material, but also had not proceeded very far. These resiilts suggest that base in general, or 
the acetate anion specifically, is bad for the reaction. Intuitively, one would suspect that base 
would be beneficial by promoting the enolization of the substrate for bonding to palladium. 
The standard conditions without base were tried again with a 24 h reaction time (Table 
1, entry 3). The recovery of material was down to 71 %, but the ratio of product to starting 
material had improved. The concentration of the reaction was increased to facilitate a faster 
reaction (Table 1, entry 4). After 36 h, the recovery of material was excellent, but the 
conversion was reduced, yielding a mixture that was 36:64 product to starting material. 
At this point, the conditions without base appeared to give a very slow reaction that 
would not be complete on a synthetically useful time scale, so a series of reactions with a 
variety of bases was examined using a 24 h reaction time (Table 1, entries 5-11). A reaction 
with 2 equiv of NaOAc gave an extremely messy reaction (Table 1, entry 5). The desired 
product could be identified in about 5 % yield. A reaction with 1 equiv of triethylamine gave 
no reaction (Table 1, entry 6). The reaction with 1 equiv of KOAc led to a moderate recovery 
of a 64:36 mixture of product and starting material (Table 1, entry 7). A reaction employing 1 
1. piperidine, 
HOAc, 
benzene 
2. H2. 10 % Pd/C 
41 
\. 
O O 
M 
O O 
5%Pd(OAc)2 
DMSO ^ 
80 OC, O2 
O 
I ] 
Table 1. Base Optimization for the Dehydrogenation of Dimethyl Benzylmalonate. 
entry base conc 
(mL: mmol) 
time (h) % recovery ratio 
(prod: SM) 
1 — 4: 1 13 99 3a70 
2 2NaOAc 4: 1 13 65 25:75 
3 — 4: 1 24 71 50:50 
4 — 1: 1 36 90 36:64 
5 2 NaOAc 1: 1 36 ? ~5 % product 
6 lEtjN 1 : 1 24 no reaction — 
7 IKOAc 1: 1 24 54 64:36 
8 lUOAc 1: 1 24 messy — 
9 1 Mg(OAc)2 1: 1 24 47 product only 
10 1 MgC03 1: 1 24 89 96:4 
11 1 MgSO  ^ 1: 1 24 91 83:17 
12 IMgCOj 1: 1 32 82 product only 
13 lMgC03 2 : 1  32 84 product only 
14 1 MgSO  ^ 2: 1 48 83 product only 
15 ICaCOj 2 : 1  32 90 33:67 
16 1 ZnCOj 2 
Zn(OH)jHjO 
2 : 1  32 85 67:33 
17 1 BaCOj 2 : 1  32 90 33:67 
18 IMgO 2: 1 32 85 product only 
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equiv of LiOAc gave a very messy reaction from which the desired product could not be 
identified. 
The standard acetate salts had proven unsatisfactory, so the scope of bases was 
expanded to include divalent cations with gratifying results (Table 1, entries 10-18). A reaction 
employing 1 equiv of Mg(0Ac)2 afforded a complete reaction from which the desired product 
could be isolated in 47 % yield (Table 1, entry 9). Earlier results had suggested that the acetate 
anion might have a detrimental effect on the reaction, so reactions were run using MgCOj and 
MgSO  ^(Table 1, entries 10 and 11, respectively). Both reactions afforded excellent recoveries 
of material; however, the conversions were quite different The reaction with the more basic 
MgCOj led to a 96:4 mixture of the desired product to starting material, while the non-basic 
MgS04 led to a 83:17 mixture. The results from these experiments seem to indicate that the 
cation may be more important than the anion for aiding in the palladium-catalyzed 
dehydrogenation and that a basic anion may not be necessary. The same bases were run using 
longer reaction times. A complete reaction could be achieved with MgCOj within 32 h, 
affording an 82 % isolated yield of the desired product, but there was also present a small 
amount of unidentifiable by-product (Table 1, entry 12). By running this same reaction at 
higher dilution, using 2 mL of DMSO for 1 mmol of substrate, the by-product could be 
eliminated with a slight increase in yield (Table 1, entry 13). A reaction using this new 
concentration and MgSO  ^as the base was complete within 48 h and afforded the desired 
product in 83 % isolated yield (Table 1, entry 14). 
Given the success with the divalent magnesium salts, other salts containing divalent 
cations were examined (Table 1, entries 15-18). The reactions were allowed to stir at 80 "C for 
32 h so the reactivity of these salts could be directly compared with MgCOj and MgSO .^ 
Reactions using 1 equiv of CaCOj or BaCOj offered high recoveries of material, but low 
conversions, both yielding 33:67 mixtures of product to starting material (Table 1, entries 15 
and 17). A reaction using 1 equiv of ZnC03 Zn(0H)2 H20 gave an incomplete reaction after 32 
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h, but had a high recovery of material (Table 1, entry 16). A reaction using 1 equiv of MgO 
gave results very similar to MgCOj, affording a complete reaction and an 85 % isolated yield of 
the desired product 
The results of this optimization work showed MgCOj, MgS04 and MgO to be the most 
effective co-reagents for the palladium(ll)-catalyzed dehydrogenation of dimethyl 
benzylmalonate. The less basic salt, MgS04, required a slightly longer reaction time. The final 
optimized conditions consist of 1 mmol of substrate in 1 mL of DMSO at 80 °C with 5 mol % 
of Pd(OAc)2 ^  catalyst and 1 equiv of either MgCOj, MgS04 or MgO. These optimized 
conditions were then applied to other P-dicarbonyl compounds. 
Ethyl benzylacetylacetone was synthesized and subjected to the optimized 
dehydrogenation conditions using MgCOj as the co-reagent (eq 11). The chemistry of this 
O O O O 
5 mol % Pd(0Ac)2 
IMgCOs 
DMSO, 80 OQ 02 
(11) 
41 % -18 % 
substrate was also plagued by the problem of the starting material and product having nearly 
identical values by TLC. The reaction was stirred at 80 °C for 32 h and afforded the desired 
product as a mixture of (E) and (Z) isomers in good yield. The (E) and (Z) assignments were 
made from the chemical shift of the vinylic proton. The (Z) isomer was obtained as a pure 
substance, but the (E) isomer was obtained as a 1:1 mixture with unreacted starting material. 
Integration of the NMR spectrum was used to determine the yield of this isomer as being 
about 18 %. 
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Diethyl n-butyimaionate was synthesized and subjected to the optimized 
dehydrogenation conditions (eq 12). This substrate showed no signs of reaction by TLC after 
24 h. Chromatography of the same reaction mixture after 48 h yielded only starting material. 
This substrate was rerun using several of the co-reagents tested in the earlier optimization work 
5 mol % Pd(OAc)2 
IMgCOs 
^ no reaction (12) 
DMSO,80OC, Cb 
\ 
with similar results. The lack of reactivity with this substrate compels one to compare this 
structure with dimethyl benzylmalonate to find the root of this reactivity difference. Diethyl n-
butylmalonate should be of similar acidity to dimethyl benzyl malonate, so this was not 
suspected to be the cause of the difficulty with this substrate. 
The mechanism of this reaction is believed to proceed through the formation of a cf-
bonded species between the palladium(II) and the enolized P-dicarbonyl compound, followed 
by P-hydride elimination to form the desired unsaturated P-dicarbonyl compound and a 
palladium hydride species. The palladium hydride species can then undergo reductive 
elimination to form a palladium(O) species, which gets oxidized back to the active palladium(II) 
state by oxygen gas (Scheme 6). 
The difficulty in this transformation could stem from the p-elimination step. One could 
suggest that the elimination of a benzylic hydrogen in the model system proceeds more readily 
than the elimination of the secondary aUphatic hydrogen in this system, but p-eliminations of 
both types are generally quite facile and are frequently observed in organopalladium chemistr>'. 
Another possible reason for the failxire of this system to react could be the formation of 
a stable jc-allyl palladium complex (Scheme 7). This type of complex is qiaite common with 
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Scheme 6 
O O o o o o 
base PCIX2 
-X 
R 
O O 
V»'« Y 
R" 
HPdX 
HPdX Pd(0) + HX 
Pd(0) + 2HX + 0.5 O2 PdX2 + H2O 
Scheme 7 
O O 
Pd(II) 
\ O base 
Pd(II) 
enone systems and can be treated with soft nucleophiles to form substitution products'® (eq 13) 
or treated with base to form elimination products (eq 14)/' The benzylmalonate does not 
possess any y-hydrogens and is unable to form such a jc-allyl complex. 
A strong argiunent against the formation of a jc-allyl complex foiling the reactivity of 
dimethyl n-butyl malonate is the presence of excess malonate anion (deprotonated, 
uncomplexed substrate) in the reaction mixture. There was no evidence for a product from 
nucleophilic substitution on the suspected jc-allyl palladium complex. Qeariy, a good test of 
this hypothesis would be to design a different substrate that does not have y-hydrogen atoms. 
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R 
R 
O 
2. -CH(C02R)2,DMS0 
1. PdCl2, THF 
O 
(13) 
CHCCO^R)^ 
Na2PdCl4 
base 
(14) 
but is also not benzylic. One such substrate would be dimethyl (2,2-dimethylpropyl)malonate 
eq 15). Unfortunately, several attempts to synthesize this material yielded a product that was 
contaminated by an inseparable by-product. 
Some variations in conditions were examined to try to improve this transformation 
(Table 2). Some additives were added to bind to the neutral ligand sites of the catalyst The 
addition of 10 mol % of PPh3 led to the generation of a trace amount of the desired product 
(Table 2, entry 1). The product is inseparable from the starting material, so the reaction was 
allowed to stir for a certain amount of time and then the yield was obtained from integration of 
the NMR spectrum of the mixture. Decreasing the amount of PPhj to 5 mol % showed no 
sign of reaction by TLC analysis (Table 2, entry 2). Addition of 5 mol % of 1,2-
bis(diphenylphosphino)ethane (dppe) led to a rather complex mixture that contained starting 
O O O O 
(15) 
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Table 2. Optimization of the PaIIadium(II)-CataI>'zed Dehydrogenation of Dimethyl «-
Butylmalonate. 
Pd(OAc)2 
additives 
DMSO,800C,02 
entrv catalyst additives time (h) yield (%) 
4 
5 
6 
5%Pd(OAc)2 
5 % Pd(OAc)j 
5 % Pd(OAc)j 
10 % Pd(OAc), 
10 % Pd(OAc)2 
10 % Pd(OAc)j 
10 % PPh3, 
1 equiv MgCO, 
5 % PPhg, 
1 equiv MgCOj 
5 % dppe, 
1 equiv MgCOj 
20 % Cu(OAc)j 
1 equiv Cu(OAc)j 
2 equiv Cu(OAc)2 
48 
48 
48 
24 
24 
48 
trace 
mixture 
19 
31 
material, product and at least two by-products (Table 2, entry 3). 
A reaction using 20 mol % CuCOAc)  ^and 10 mol % PdCOAc)  ^gave a slow reaction that 
generated a 19 % yield of the desired product (Table 2, entry 4). This reaction was very clean. 
Only signals for the starting material and desired product were present in the 'H NMR 
spectrum of the product mixture. Increasing the amount of Cu(OAc)j to 1 equiv led to an 
increase in yield to 31 % (Table 2, entry 5). This reaction was also very clean. Increasing the 
amount of Cu(OAc)2 again to 2 equiv looked to give a similar reaction to the 1 equiv reaction 
by TLC after 24 h, but all evidence of product had disappeared by 48 h (Table 2, entry 6). 
There are two major concerns when dealing with products of the type generated by this 
procedure. First, the substrates are very susceptible to Michael addition reactions. There has 
been no evidence for this type of product in the reaction mixtures, except for the original 
reaction where the unhindered diethyl methylenemalonate was the desired product (eq 9). 
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Second, the substrates have a strong propensity to undergo polymerization. For the most part, 
the reactions give excellent recoveries of material even when there is significant amounts of 
product present This suggests that the product is at least moderately stable under the reaction 
conditions. There has also been no evidence of any polymeric substance in the NMR 
spectra. The only support for such a process is from the reaction with 2 equiv of Cu(OAc)2 
(Table 2, entry 6), where there was evidence for product by TLC analysis after 24 h, but not 
after 48 h. Again, there was no evidence of any polymer in the NMR spectra. 
Conclusion 
Reaction conditions for the palladium(II)-catalyzed dehydrogenation of p-dicarbonyl 
compounds have been pursued. The optimized conditions showed good results with benzyl 
substituted p-dicarbonyl compounds, but simple aliphatic substituents proved relatively 
unreactive. By varying the reaction conditions, low yields of unsaturated products from the 
aliphatic substituted substrates could be achieved. More work is necessary to make this 
process a synthetically useful one. 
Experimental 
General. All and NMR spectra were recorded at 400 and 100.5 MHz, 
respectively. Thin-layer chromatography (TLC) was performed using commercially prepared 
60 mesh silica gel plates (Whatman K6F), and visualization was effected with short 
wavelength UV light (254 nm) or basic KMnO^ solution [3 g KMnO  ^+ 20 g K2CO3 + 5 mL 
NaOH (5%) + 300 mL H^O]. 
Reagents. All reagents were used directly as obtained from commercial sources 
unless otherwise stated. KMn04, HOAc, NaOAc, KOAc, LiOAc, Mg(OAc)2, MgCOj, 
MgS04, CaCOj, Na, benzene and DMSO were obtained from Hsher Scientific. BaCO,, 
ZnC03'2 Zn(0H)2H20, diethyl methylmalonate, dimethyl malonate, benzaldehyde, piperidine. 
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benzyl chloride, ethyl acetoacetate, diethyl malonate, l-bromobutane, 1,2-
bis(diphenyIphosphino)ethane and CuCOAc)  ^were obtained from Aldrich Chemical Co. 
Palladium acetate and PPhg were obtained from Kawaken Fine Chemicals Co., Ltd. 
Dimethyl benzylidenemalonate:^^ To a solution of dimethyl malonate (6.60 g, 50 
mmol) and benzaldehyde (5.80 g, 55 mmol) in benzene (20 mL) was added piperidine (0.17 g, 
2 mmol) and acetic acid (0.60 g, 10 mmol). The flask was equipped with a magnetic stir bar 
and a Dean-Stark water separator and refluxed for 18 h. The mixture was cooled, diluted with 
ether and extracted with saturated NaCl solution. The organic layer was dried over MgSO  ^
and concentrated. The crude product was purified by column chromatography on silica gel 
using 10:1 hexane/EtOAc as the eluenL The product was obtained as a clear oil in 95 % 
isolated yield. 'H NMR (400 MHz, CDCI3) 6 3.84 (s, 3 H), 3.85 (s, 3 H), 7.39 (m, 5 H), 
7.78 (s, 1 H); '^C NMR (100.5 MHz, CDCI3) 6 52.73, 52.74, 125.52, 128.94, 129.44, 
130.76, 132.79, 142.99, 164.53, 167.19. 
Dimethyl benzylmalonate:'' To a solution of dimethyl benzylidene malonate (2.20 
g, 10 mmol) in ethanol (60 mL) was added 10 % Pd/C (200 mg). The flask was stirred at 
room temperature under an atmosphere of hydrogen gas until the consimiption of gas had 
ceased. The mixture was filtered through celite and concentrated. The crude product was 
purified by column chromatography on silica gel using 10:1 hexane/EtOAc as the eluent The 
product was obtained as a clear oil in 90 % isolated yield. ^H NMR (400 MHz, CDCI3) 6 3.22 
(d, 7= 7.8 Hz, 2 H), 3.68 (t, 7 = 7.8 Hz, 1 H), 3.68 (s, 6 H), 7.18-7.30 (m, 5 H); '^C NMR 
(100.5 MHz, CDCI3) 6 34.80, 52.60, 53.65, 126.86, 128.61, 128.80, 137.79, 169.26. 
Ethyl benzylacetoacetate:^" Sodium metal (0.23 g, 10 mmol) was added to ethanol 
(40 mL) and stirred until the evolution of hydrogen had ceased. Ethyl acetoacetate (130 g, 10 
mmol) was added and allowed to stir for 15 min before benzyl chloride (1.27 g, 10 mmol) was 
slowly added. The reaction mixture was stirred for 4 h and then diluted with ether and washed 
with saturated NaCl solution. The organic layer was dried over MgS04 and concentrated. The 
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crude product was purified by column chromatography on silica gel using 10:1 hexane/EtOAc 
as the eluenL The product was obtained as a clear oil in 80 % isolated yield. 'H NMR (400 
MHz, CDCI3) 6 1.19 (t, 7= 7.2 Hz, 3 H), 2.18 (s, 3 H), 3.15 (d, 7= 4.0 Hz, 2 H), 3.78 (t, J 
= 7.6 Hz, 1 H), 4.13 (q, 7= 7.2 Hz, 2 H), 7.18-7.30 ^m, 5 H); NMR (100.5 MHz, 
CIXlj) 8 14.05, 29.66, 34.00, 6133, 61.51, 126.71, 128.60, 128.83, 138.18, 169.15, 
202.54. 
Diethyl /t-butyimalonate:^*^ This compound was made using the same procedure as 
ethyl benzylacetoacetate above, except for the use of 1-bromobutane as the alkylating agent. 
The product was obtained as a clear oil in 79 % isolated yield- 'H NMR (400 MHz, CDCI3) 6 
0.90 (t, /= 6.8 Hz, 3 H), 1.27 (t, J= 7.2 Hz, 6 H), 1.35 (m, 4 H), 1.89 (q, 7= 7.6 Hz, 2 
H), 331 (t, 7 = 7.6 Hz, 1 H), 4.19 (q, 7 = 7.2 Hz, 4 H); NMR (100.5 MHz, CDCI3) 6 
13.75, 14.03, 2230, 28.42, 29.44, 52.00, 61.17, 169.54. 
General procedure for dehydrogenation. To a mixture of substrate (1 mmol) in 
DMSO (1 mL) was added 5 mol % Pd(OAc)^ and 1 equiv of MgC03. The flask was equipped 
with a magnetic stir bar and purged with oxygen gas. A septum was placed over the opening 
of the flask and a balloon of oxygen gas attached to the flask through the septimi by a needle. 
The reaction was stirred at 80 °C until the reaction had reached completion as indicated by thin-
layer chromatographic analysis. The reaction mixture was cooled to room temperature and then 
placed directly onto a column of silica gel and eluted with an ^ propriate combination of 
hexane/ethyl acetate. The fractions containing the product were combined and concentrated in 
vacuo. 
Diethyl 2,2-di(ethoxycarbonyl)propylidenemalonate: ^H NMR (400 MHz, 
CDQj) 6 1.25 (t, 7= 7.2 Hz, 6 H), 131 (t, 7= 7.2 Hz, 3 H), 132 (t, 7= 7.2 Hz, 3 H), 1.66 
(s, 3 H), 4.10-4.29 (m, 8 H), 7.56 (s, 1 H); GCMS calcd 344, found 344. 
(Z)-Ethyi benzylideneacetoacetate: NMR (400 MHz, CDCI3) 6 1.20 (t, 7 = 
7.2 Hz, 3 H), 235 (s, 3 H), 4.26 (q, 7= 7.2 Hz, 2 H), 7.29-7.40 (m, 5 H), 7.50 (s, 1 H); 
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"CNMR(I00.5MHz,CDCl3)6 13.92, 26.60,61.77, 128.89, 129.57, 130.77, 132.97, 
134.67, 141.33, 167.85, 194.72. 
(E)-Ethyl benzylideneacetoacetate: NMR (400 MHz, CDCI3) 6 1.27 (t, 7 = 
7.2 Hz, 3 H), 2.28 (s, 3 PI), 4.23 (q, /= 7.2 Hz, 2 H), 7.31 (m, 5 H), 7.61 (s, 1 H). 
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•CHAPTER 3; PALLADIUM-CATALYZED CYCLIZATION OF OLEFINIC 
AMINE DERIVATIVES 
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Introduction 
In recent years, palladium-catalyzed amination of olefins has become a useful and 
versatile method for the synthesis of nitrogen-containing heterocycles. These palladium-
catalyzed methods have invoked both Pd(II) and Pd(0) catalytic cycles. This introduction will 
review the literature of catalytic transformations involving Pd(II) and the formation of nitrogen-
containing heterocycles from olefinic amine derivatives as it relates to the current work being 
reported. 
The cyclization of olefinic amine derivatives by Pd(II) is believed to proceed through 
coodination of the olefin to the metal. This n:-complex undergoes intramolecular nucleophilic 
attack by the amine derivative in a ring forming step that also generates a cf-palladium species 
which often undergoes p-hydride elimination to form the desired cyclized product and a 
palladium hydride species. The palladium hydride species then undergoes reductive 
elimination to form a Pd(0) species. This process can be made catalytic in palladium by adding 
a reoxidant, such as benzoquinone, a Cu(II) salt or gas, to oxidize the Pd(0) back to the 
active state (Scheme 1). 
Hegedus and co-workers reported both stoichiometric^ and catalytic  ^procedure for the 
oxidative cyclization of 2-allylic anilines. Benzoquinone was lased as the reoxidant for the 
palladium in most cases. The catalytic cyclization of 2-(2-propenyl)aniline in THF gave 2-
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Scheme 1 
HR 
PdXa 
PdX 
HPdX Pd(0) HX 
Pd(0) [O] Pd(II) [R] 
[O] = benzoquinone, Cu(II) salt or O2 gas 
methylindole in 86 % isolated yield (eq 1). This cyclization also worked with the N-acetyl 
derivative. Alkyl substituents on the allyl group led to the generation of quinolines (eq 2). The 
cyclization of 2-crotylaniline led to 2-methylquinoline in a 58 % isolated yield. Hegedus noted 
that cyclizations to form five-membered ring products tended to proceed more readily than 
10 mol % PdCl2(CH3CN)2 
1 equiv benzoquinone 
THF, reflux 
(1) 
86% 
55 
10 mol % PdCl2(CH3CN)2 
1 equiv benzoquinone 
(2) 
THF, reflux 
58% 
those forming six-membered rings. 
In 1980, Hegedus and co-workers extended their cyclization procedures to involve 
carbon monoxide insertions.^ ' iV-Monosubstimted anilines could be cyclized under suitable 
conditions so as to allow CO insertion to prevail over p-hydride elimination of the intermediate 
a^palladium(II) species. The cyclization of 2-allyl-Ar-methylaniline led to methyl 23-dihydro-
1-methyl- li/-indole-2-acetate in good yield (eq 3). At temperatures higher than -25 "C, 2-
methyl indole was the major product, which suggested that p-hydride elimination was 
occurring faster than CO insertion. This methodology is much more effective with substrates 
that cannot undergo p-hydride elimination after cyclizatioa 
Hegedus and co-workers reported the efficient cyclization of a>-olefinic tosylamides in 
1982 using 1-10 mol % PdClj as the catalyst and benzoquinone as the reoxidant.^-  ^ A wide 
variety of olefinic tosylamides were subjected to the cyclization conditions to obtained 5- and 6-
membered ring enamine products in good to excellent yields (eq 4). In some cases, the cyclic 
enamine was hydrolyzed on work-up and/or purification and the corresponding tosylamido 
ketone was isolated. 
25psi CO 
1 equiv benzoquinone 
5 equiv LiCI 
5 mol % PdCl2/Sna2 
(3) 
iCfe 1 equiv Na2CC)3 
THF, MeOH, -25 OC 
\ 
Me 
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10 mol % PdCl2(CH3CN)2 
2 equiv LiCl 
NTs (4) 
1 equiv benzcx}uinone 
2 equiv Na2C03 
THF, reflux 
Venanzi and co-workers reported the palladium-catalyzed oxidation of amino alkenes to 
cyclic imines or enamines and amino ketones.® The reaction of 4-penten- 1-amine under 
unoptimized standard conditions resulted in the formation of 2-methyl-l-pyrroIine in 75 % 
yield as determined by gas chromatographic analysis (eq 5). This process was proposed to 
5 mol % PdCl2 
V Tu 10 mol % CuCh 
^ r jr- (5) 
1 equiv NaQ —N 
2 equiv HCl 
H20,60 oc 
proceed through a Wacker type oxidation of the olefin to the ketone, followed by imine 
formation via intramolecular condensation with the amino group (Scheme 2). 
Hegedus and co-workers reported the palladium(II)-cataly2ed cyclization of o-
ethenylanilines for the synthesis of 3- and 4-substituted indoles (eq 6).'' A^-Acetyl and A^-tosyl 
derivatives of 3-bromo-2-ethenylaniline were cyclized. The acetyl derivative was sluggish 
using either CuClj or benzoquinone as the reoxidant of the palladiima. The iV-tosyl derivative 
Scheme 2 
n. 
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Br Br 10 mol % PdCl2(CH3CN)2 
1 equiv benzoquinone 
10 equiv LiCl 
THF, reflux 
(6) 
\ 
R 
cyclized efficiently using benzoquinone as the reoxidant Further transformations led to the 
generation of a variety of 3- and 4-substituted indoles. This same methodology was applied to 
the synthesis of the A^-acetyl methyl ester of racemic claviciptic acids (eq 7).® 
Hegedus and co-workers reported the oxidative cyclization of unsaturated 
aminoquinones for the synthesis of pyrroloindoloquinones.^'' The cyclization of A^-substituted 
allyl(bisamino)quinones was accomplished using standard catalytic palladium(II) conditions 
(eq 8). Analogous unsubstituted allyl(amino) quinones gave quiniloquinones by a process that 
did not require the presence of the palladium catalyst. 
Yoshida, Tamaru and co-workers have published a series of reports showing their 
success in developing palladium(II) methodology for the aminocarbonylation of a variety of 
olefinic amine derivatives.The first such system involved the cyclization of the 
methylurethane and tosylamide derivatives of 3-hydroxypent-4-enyIamine to selectively 
generate cts-3-hydroxypyrrolidine 2-acetic acid lactone (eq The reaction system wo±ed 
•N 
\ 
(7) 
H 
\ 
H 
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Ph Ph 
10 mol % PcICl2(CH3CN)2 
1 equiv benzoquinone 
1 equiv Na2C03 
10 equiv. LiQ 
THF, 100 OC Ph Ph 
(8) 
,NHR 
10 mol % PdCb 
3 equiv CuQo 
methanol, CO 
r.L, 1 d 
(9) 
well for the formation of 5-membered rings, but low yields and significant by-product 
formation plagued attempts to form 6-membered rings. 
Yoshida and Tamura later reported related work employing urethane and urea 
derivatives of olefinic amines.'' '  ^They were able to achieve the exo and endo cyclization of 
both derivatives with the exocyclic ureas using the second nitrogen of the urea as a nucleophile 
in the formation of bicyclic products (eqs 10-13). The endocyclic urethane did not work under 
"NHCO^Me 
2 
10 mol % PdCb 
>• 
3 eqtiiv CuQ2 
CO, MeOH, r.L 
CO,Me 
-N 2 
CO^Ms 
2 
(10) 
"•NHCONHMe 
10 mol % PdCl2 
>> 
3 equiv CuCl2 
CO, MeOH, r.L 
(11) 
59 
25 mol % PdCb 
2.3 eqiiiv CuCb Q 
o  ^ % W (12) 
y_NnTs SequivNaOAc 
^ ISequivMOA 
MeOH, r.L 
r~  ^ 10 mol % PdCb RN , ^ CO.Me RN 1 .^ \ j/ (13) 
9 // \ O Me ^NHMe 3 equiv CuCb
o'^ CO, MeOH, r.L 
the standard conditions for cyclization. However, the iV-tosyl urethane was cyclized nnder 
more basic reaction conditions, where the nitrogen nucleophile was suggested to be in the 
deprotonated form (eq 12). These conditions also employed an excess of methyl orthoacetate 
(MOA), which was suggested to suppress undesired PdCl  ^reactions, such as oxidations of 
methanol to formaldehyde and carbon monoxide to dimethyl carbonate. These systems 
demonstrated reduced yields for substrates designed to form 6-membered rings. 
Tamaru, Yoshida and co-workers have also developed reaction conditions for the 1,1-
arylation-amination of unsaturated amides, which provides 2-arylated 5- and 6-membered ring 
nitrogen heterocycles (eqs 14 and 15).^^ Terminal olefins were used to favor regioselective 
1.5 equiv ArSn(/z-Bu)3 
o(CH3CN)2 
= W 
^NHTs 4.0eqmvCuCl2 x 
ether, r.t 
60 
R 
R, 1.5 equiv ArSn(/i-Bu)3 
5 mol % PdCl2(CH3CN)2 
(15) 
NHTs 
4.0 equiv CuCh 
ether, r.t N 'AT 
Ts 
addition of the aryl group to the less hindered end of the double bond. The reaction was 
believed to proceed via transmetallation of an aryl group from either an aryltin or 
aryimercury compound, followed by addition to the olefin and isomerization to a a-ben2ylic 
palladium species, which then chelates to the nucleophile and reductively eliminates the 
desiredproduct (Scheme 3). 
In 1990, Jager and Hummer described an intramolecular amidocarbonylation using 
both iV-benzylaminocarbonyl and benzyloxycarbonyl derivatives of 23-dihydroxypent-4-en-l-
amine (eq 16).The reactions gave the desired bicyclic pyrrolidinolactones in 58 and 83 % 
Scheme 3 
PdCb + ArSn(/i-Bu)3 ^ ArPdQ + ClSn(«-Bu)3 
PdCl PdHCl 
ArPdCl 
NHTs NHTs 
NHTs 
R 
-Pd(C 
-HCl 
NHTs 
Ts 
61 
BnNHCO 
NH OH 
OH 
10 mol % PdCl2 
3 equiv 0x0X2 
3 equiv NaOAc 
HOAc, CO, 25 OC 
HO 
.O. 
I 
CONHBn 
58% 
(16) 
yields, respectively. The unprotected amine did not react, reportedly due to competing strong 
N-Pd complexation. 
Backvall and co-workers reported stereocontrolled, intramolecular 1,4-additions to 
cyclic 13-dienes employing amides as nucleophiles (eq This transformation involves 
NHR 
5 mol % Pd(OAc)2 
2 equiv benzoquinone 
1 
LiClorLiOAc 
acetone-HOAc (4:1), rt 
(17) 
R = Ts, C02Me, C02Bn, CONHBn Nu = CI, OAc 
the palladium-catalyzed addition of the amide nucleophile to the proximal alkene moiety 
resulting in the formation of a jt-allylpalladium species that is attacked by either CI or OAc as 
a second nucleophile, depending on the specific reaction conditions. The stereochemistry of 
the acetate addition could be controlled through the use of LiQ to favor the formation of either 
the cis or the isomer. This reaction worked well for several amido derivatives, but failed 
for the A/^-methyl amide derivative (eq 18). The failure of this system was proposed to be due 
to the ring strain involved in attempting to place the carbonyl within the newly forming five-
membered ring. Backvall applied this methodology to the synthesis of racemic a- and y-
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NHMe 
5 mol % Pd(OAc)2 
2 equiv benzoquinone 
^ no reaction (18) 
LiaorUOAc 
acetone-HOAc (4:1), rt 
lycorane (Scheme 4)'® and later published a full account of his work on palladium-catalyzed 
intramolecular 1,4-additions to conjugated dienes/' 
In 1992, Backvall reported an extension of this work demonstrating the palladium-
catalyzed tandem cyclization of 4,6- and 5,7-diene amides (eq 19).^ ° The primary amide acts 
as the nucleophile for both the initial cyclization reaction and the attack on the intermediate jc-
allylpalladium species. The reaction conditions for this reaction apparently accommodate the 
formation of a 5-membered ring containing a carbonyl, where the previous system had failed 
Scheme 4. 
H 
H 
C 
a 
a-Iycorane 
NHCO Bn 
2 
Pd(n) 
Y-lycorane 
4 steps H 
CO,Bn 
63 
O 10 mol % Pd(OAc)2 
2 equiv Cua2 
THF, Oo, 60 OC 
H 
(19) 
O 
(compare eqs 18 and 19). 
Heathcock and co-workers used a palladium-catalyzed cyclization of a hindered 
secondary amine as a key step in the total synthesis of racemic bukittinggine (eq 20).^^ This 
transformation involved the use of highly electrophilic Pd(02CCF3)2 in the non-nucleophilic 
OBn 
15moI%Pd(02CCF3)2 
10 mol % PPlft 
 ^
1.1 equiv benzoquinone 
CI%CN, rt 
OBn 
(20) 
70% 
solvent acetonitrile. Amines are generally not successful in this type of palladium-catalyzed 
reaction due to strong complexation to the palladium. Heathcock postulated that the hindered 
nature of his substrate allowed the reaction to take place. 
Saito and Moriwake and co-workers reported the synthesis of optically active 
substimted dihydropyrroles via a palladium(II)-promoted diastereoselective dehydroxylative 
heterocychzation (eq 21)."^ This process is significantly different from the others discussed so 
far in that the reaction does not proceed through a Pd(II)-Pd(0) oxidative cycle. It was 
suggested that PdClj adds across the olefin, followed by intramolecular nucleophilic 
64 
OH 
OPMB 30 mol % PdCl2(CH3CN)2 
THF, rt 
OPMB 
NHBoc Boc 
61 % yield, 97 % ee 
displacement of the chloride to fonn the ring and p-hydroxide elimination to generate the 
dihydropyrrole product and a palladium(II) species that can carry on the reaction (Scheme 5). 
The reaction also succeeded with a hydroxy nucleophile for the synthesis of optically active 
dihydropyrans. 
Scheme 5 
Hiemstra and co-workers reported the cyclization of a variety of nitrogen nuleophiles in 
a palladium(II)-mediaied synthesis of imidazolidines." Two systems were studied, one cyclic 
(eq 22) and one acyclic (eq 23). This study was significant in that it was the first attempt at a 
comprehensive examination of a series of amine derivatives aimed at comparing reactivity and 
utility. Tosyl, formyl, acetyl, aminocarbonyl, methoxycarbonyl and benzyloxycarbonyl 
2. -HOPdCI 
1. SN2 
Boc. 
\ 
5 mol % Pd(OAc)2 
DMSO, 65-70 OC 
02 
(22) 
R = Ts, CHO, COCH3, CONH2, C02Me, C02Bn 
65 
Boc^^ 
N NHR _ tarT>Afr\K \  Boc,. /s. I 5 mol % PC1(OAC)2 N NR 
DMSO,6S70OC 
Cb 
(23) 
R = Ts, CHO, C02M2 
derivatives all worked well, giving the desired products in 50-90 % isolated yields. The 
formamide was determined to be the most useful derivative because of its high reactivity and 
ease of removal from the cyclic product This smdy provided useful information about the 
reactivity of various amine derivatives in palladium(II)-catalyzed cyclizations, but used a rather 
specialized substrate and only looked at the formation of S-membered rings. 
In 1995, Andersson and co-workers reported the cyclization of two simple olefinic 
amine derivatives under conditions similar to those used above by Hiemstra (eq 24).^ * These 
10 mol % Pd(OAc)2 \ 
^ (24) 
NHR DMSO,55 0C 
Ch ^ 
R = Ts, C02Bn 
simple systems appear to be less reactive than the aminals used by Hiemstra, requiring 10 mol 
% Pd(OAc)2 and a 24 h reaction time compared with the 5 mol % Pd(OAc)2 and 4 h reaction 
time employed above. Again, only two derivatives were examined and only Smembered rings 
were constructed. 
Larock and co-workers have studied the tosylamide fimctional group under the same 
type of catalytic conditions (eq 25)" A variety of 5- and 6-membered rings were formed 
using both tosylamides and tosylanilides. In general, tosylanilides were foimd to be less 
reactive than tosylamides, requiring higher temperatures and longer reaction times. The 
66 
5 mol % Pd(OAc)2 
2 equiv NaOAc 
> 
DMSO,80OC, Oy 
(25) 
construction of 6-membered rings using o-allylic tosylanilides is significant because o-
allylaniline, using either stoichiometric or catalytic amounts (plus benzoquinone) of PdCI^, has 
been reported to form 2-methyIindole (compare eqs 1 and 25). Other significant findings from 
this study include obtaining the same product from the cis and trans isomers of c-crotyl 
tosylanilide and the use of trisubstituted olefins. 
Ham and co-workers employed a palladium-catalyzed intramolecular amino-
carbonylation as a key step in their synthesis of racemic ferruginine (eq 26)}  ^This is the first 
CILO NiH 10 mol % Pdq2 
3 equiv 0x02 
MeORCO.rt' 
CHO 
3 
O 
A.. N 
' If O 
48% 
O 
A. 
CHO N 
3 
O 
ferruginine 
(26) 
example of intramolecular amidocarbonylation being applied to the synthesis of tropane 
alkaloids. 
There has also been a significant body of literature concerning palladium(n)-catalyzed 
cyclizations of amine derivatives with allenes^'"" and alkynes.^""^ Although the initial 
interaction in these cases is electrophilic coordination of Pd(II) to the carbon-carbon multiple 
bond, very similar to the interaction with simple olefins, the rest of the transformation is 
mechanistically quite different from simple olefins and will not be discussed in detail here. 
67 
The goal of the present work was to examine the reactivity of several common amine 
derivatives in rather simple systems and to examine the efficiency of the same derivatives in the 
formation of various 5- and 6-membered ring systems. The results of these efforts are reported 
herein. 
Results and Discussion 
This study of the palladium(II)-catalyzed cyclization of olefinic amine derivatives 
started with the selection of a model system. A system based on 2-(2-cyclopentenyl)-
ethanamine was selected. The tosyl derivative had shown good reactivity and yields (72 h at 
25 °C, 86 %) in earlier work performed in this research group.The amine was synthesized 
in three steps from commercially available (2-cyclop)entenyl)acetic acid and the derivatives were 
prepared as described in the experimental section of this chapter (Scheme 6). 
Sciieme 6 
1. SOCh f "^NH LiAlH4 
2. NH4OH 
QOC 
NHR 
A' 2 
Pd(II) 
The cyclization of the derivatives commenced with the goal of determining a reactivity 
order for the various fimctional derivatives (Table 1). The strategy was to run each derivative 
under three sets of reaction conditions: Procedure A involved 0.25 mmol of substrate and 1 
equiv of Pd(OAc)j in 1 mL of DMSG under an atmosphere of O .^ Procedure B involved 0.25 
mmol of substrate and 5 mol % Pd(OAc)2 in 1 mL of DMSO under an atmosphere of Oj. 
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Table 1. PalIadium(II)-catalyzed Cvclization of Derivaii ves of 2-(2-Cyclopentenyl)-
ethanamine. 
entry R procedure temp ("C) time (h) yield (%)* 
1 Ts A 80 2 85 
2 Ts B 80 8 91 
3 Ts C 80 8 86 
4 CHO A 80 2 62 
5 CHO B 80 6 65 
6 CHO C 80 12 63 
7 COjCHjPh A 80 2 79 
8 COjCH^Ph B 80 36 76 
9 COjCHjPh C 80 36 86 
10 CONMej A 80 2.5 69 
11 CONMe^ B 80 48 42 
12 CONMej C 80 72 36 
13 COMe A 80 2 66 
14 COMe B 80 24 28 
15 COMe C 80 24 42 
16 COPh A 80 8 68 
17 COPh B 80 72 43(66) 
18 COPh C 80 72 60(67) 
19 COCF3 A 80 24 52(55) 
20 CONHCHjPh A 22 8 68 
21 CONHCHjPh A 80 2 (24)" 42 
' Values in parentheses indicate yields based on unrecovered starting material for incomplete 
reactions. Rrst cyclization was complete within 2 h but the reaction was stirred for 24 h in an 
effort to achieve the second cyclization. 
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Pr<xedure C involved 0.25 nimol of substrate, 2 equiv of NaOAc and 5 mol % Pd(OAc), in 1 
mL of DMSO under an atmosphere of O .^ The first experiment in each case used procedure A 
to identify the product of the reaction by TLC so the catalytic reaction could be more accurately 
monitored. 
The first derivative investigated was the tosyl derivative (Table 1, entries 1-3). The 
stoichiometric procedure was complete within 2 h. The desired bicyclic product was obtained 
in 85 % isolated yield as a single isomer. There is concern about double bond migration in the 
product to the homoallylic position with substrates containing cyclic olefins (Scheme 7). This 
Scheme 7 
r^^^NHR 
PdX2 
""'^^^2 >dX 
NR NR -HPdX . ^ 
problem was overcome in the cyclization of olefinic carboxylic acids by using DMSO as the 
solvent^^ The reactions using procedures B and C were complete within 8 h and afforded the 
same product as procedtire A in 91 and 86 % yields, respectively. 
The formamide derivative was submitted to the cyclization conditions to give good 
yields of the cyclic product (Table 1, entries 4-6). The stoichiometric procedure was complete 
within 2 h and provided the desired product in 62 % isolated yield. The reactions using 
procedures B and C were complete within 6 h and 12 h, respectively, and afforded the desired 
cyclized product in 65 and 62 % isolated yields, respectively. The and NMR spectra of 
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the j)roduct were much more complex than expected (Appendix A, pl28-29). It appeared as 
though there were two compounds present in the product sample. Compounds of this type 
have been observed to exist as mixtures of amide rotomers,^'* but, with the possibility of 
double bond isomerization also present, steps had to be taken to determine the nature of the 
product mixture. The typical solution to this problem is to obtain and NMR spectra at 
elevated temperatures; unfortunately, attempts at 50 °C in CDCI3 and DMSO and 90 °C in 
DMSO were not effective for achieving a clean spectrum of a single rotomer. The rotomer 
populations were observed to change considerably when the solvent was switched from CDCI3 
to DMSO, which supports the existence of rotomers rather than double bond isomers. As a 
final means of determining the composition of the product sample, a solution of the product 
was analyzed by gas chromatography. The chromatograph showed a single high-boiling peak 
for the product under a variety of conditions, again supporting the existence of rotomers, rather 
than double bond isomers. 
The benzyloxycarbonyl derivative was submitted to the cyclization conditions and 
afforded the desired cyclized product in good yields (Table 1, entries 7-9). The stoichiometric 
procedure was complete within 2 h and afforded the desired product in 79 % isolated yield. 
This product was observed to exist as a 1:1 mixture of amide rotomers by and NMR at 
22 "C in CDQ, and produced only one high-boiling peak by gas chromatography under a 
variety of conditions. The reactions employing procedures B and C were complete within 36 h 
and afforded the desired product in 76 and 86 % isolated yields, respectively. 
The iV, A/^-dimethylaminocarbonyl derivative was submitted to the cyclization conditions 
and afforded the desired cyclization product in moderate to good yields (Table 1, entries 10-
12). The stoichiometric procedure was complete within 2.5 h and afforded the desired product 
in 69 % isolated yield. This compound appeared to exist as a single amide rotomer. The 
reaction employing procedure B was complete within 48 h and afforded the desired product in 
42 % isolated yield, while the reaction employing procedure C was complete in 72 h and 
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afforded the desired product in only a 36 % isolated yields. The lower yields of this substrate 
may be due to having to submit the very polar product to 2 or 3 silica gel columns to remove 
the majority of a yellow impurity in order to obtain clean spectral data. There were no other 
products observed by TLC to explain the observed loss of material. 
The acetyl derivative was submitted to the cyclization conditions and afforded the 
desired cyclization product in good yields (Table 1, entries 13-15). The stoichiometric 
procedure was complete within 2 h and provided the desired product in 66 % isolated yield. 
This product was observed to exist as a 42:58 mixture of amide rotomers by and NMR 
at 22 °C in CDOj and produced only one high-boiling peak by gas chromatography under a 
variety of conditions. The catalytic reactions employing procedure B and C gave complete 
reactions within 24 h and afforded the desired cyclization product in 28 and 42 % isolated 
yields respectively. The lower yields of this substrate may be due to having to submit the very 
polar product to 2 or 3 silica gel columns to remove the majority of a yellow impiuity in order 
to obtain clean spectral data. There were no other products observed by TLC to explain the 
observed loss of material. 
The benzamide derivative was submitted to the cyclization conditions and afforded the 
desired cyclization product in low to good yields (Table 1, entries 16-18). The stoichiometric 
procedure was complete within 8 h and afforded the desired product in 68 % isolated yield. 
This product was observed to exist as a 33:67 mixture of amide rotomers by and NMR 
at 22 °C in CDCI3 and produced only a single high-boiling peak by gas chromatography imder 
a variety of conditions. The catalytic reactions employing procedures B and C were not 
complete within 72 h. Procedure B afforded a 43 % isolated yield of the desired cyclization 
product at 65 % conversion. Procedure C afforded the desired cyclization product in 60 % 
isolated yield at 90 % conversion. 
The trifluoroacetyl derivative was submitted to the stoichiometric procedure resulting in 
an incomplete reaction after 24 h. The desired cyclization product was obtained as a mixture 
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with unreacted starting material. The desired product was present as a 50:50 mixture of amide 
rotomers in 52 % yield at 95 % conversion. The trifluoroacetyl derivative was deemed 
relatively unreactive and was not examined under the catalytic conditions. 
A second urea derivative was prepared such that both nitrogen atoms of the urea would 
be capable of acting as a nucleophile in a cyclization reaction. A^-Ben2yl-iV'-(2-(2-
cyclopentenyl)ethyl)urea was submitted to procedure A at room temperature, resulting in 
monocyclization to form a 5-membered ring (Table 1, entry 20). The same conditions were 
tried again at 80 °C, hoping to induce a second cyclization to form a tricyclic urea (Table 1, 
entry 21). The first cyclization was complete by TLC within 2 h, but the reaction was stirred 
for 24 h to allow time for the second cyclization to occur. The second cyclization did not occur 
and the bicyclic urea was obtained in 42 % isolated yield. The difficulty in achieving the second 
cyclization may be due to the strain of placing a trigonal carbonyl functionality into a 5-
membered ring.^''^° 
The experiments from the three procedures run on the derivatives of 2-(2-
cyclopentenyl)ethanamine allow one to start to piece together a reactivity series for the various 
derivatives. Clearly, the tosylamide and the formamide were the most reactive substrates, 
having the shortest reaction times using the catalytic procedures. The tosylamide tended to give 
cleaner reactions than the formamide. The benzyloxycarbonyl, urea and acetyl derivatives 
showed intermediate reactivity. The benzyloxycarbonyl derivative gave clean reactions, but the 
starting material and product had very similar R^'s by TLC. The iV,A^-dimethylureaand the 
acetyl derivatives formed very polar products that required at least two passes through a silica 
gel chromatography column in order to obtain a product of reasonable purity. The benzylurea 
showed similar reactivity to iV,iV-dimethylurea under the stoichiometric conditions, but the 
reaction was much cleaner and required only one pass through a silica gel column to obtained 
the pure product The benzamide and trifluoroacetamide derivatives were by far the least 
reactive substrates and did not give complete reactions under the catalytic conditions. The 
73 
trifluoroacetamide did not give a complete reaction within 24 h even under stoichiometric 
conditions. 
The next system examined involved the derivatives of 2-(2-cyclohexenyl)ethanamine 
(Table 2). The tosylamide was cyclized using procedures B and C giving complete reactions 
within 12 h at 80 "C and isolated yields of 87 and 91 %, respectively (Table 2, entries 1 and 2). 
The reactions were very clean and gave the desired product as a single double bond isomer. 
The fonnamide derivative was submitted to procedure A and gave a complete reaction 
within 3 h (Table 2, entry 3). The reaction was clean and gave the desired product in high 
yield and good purity after a single pass through a silica gel colimm. The product existed as a 
50:50 mixture of amide rotomers that gave a single high-boiling peak by gas chromatographic 
analysis. The catalytic reactions gave somewhat diminished yields and the products required at 
least two passes through silica gel to achieve acceptable purities (Table 2, entries 4 and 5). The 
diminished yields might be attributable to the extended purification jjrocesses. Formamides 
have also been hydrolyzed under basic conditions^® (NaOH, HjO, reflux) and therefore it is not 
inconceivable that some product was lost to hydrolysis over the 12 and 24 h reaction times. 
The benzyloxycarbonyl derivative gave a complete reaction within 5 h using procedure 
A (Table 2, entry 6). The starting material and product had similar Rf's by TLC so it was 
difficult to judge when a reaction was complete. The product existed as a 50:50 mixture of 
amide rotomers that gave a single high-boiling peak by gas chromatographic analysis. The 
catalytic reactions employing procedures B and C were complete within 36 and 44 h, 
respectively, and afforded the expected cyclization product in excellent yield (Table 2, entries 7 
and 8). 
The benzylurea derivative was used in place of the dimethylurea derivative with this 
system because the reactions were much cleaner and easier to purify in the previous system. 
The reaction using procedure A at 22 "C was complete within 8 h and afforded the 
monocychzation product in excellent yield (Table 2, entry 9). The catalytic reactions 
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Table 2. Palladium(II)-cataiyzed Cyclization of Derivatives of 2-(2-CycIohexenyI)-
ethanamine. 
entry R procedure temp ("C) time (h) yield (%y 
1 Ts B 80 12 87 
2 Ts C 80 12 91 
3 CHO A 80 3 95 
4 CHO B 80 12 78 
5 CHO C 80 24 61 
6 CO^CH^Ph A 80 5 79 
7 COjCH^Ph B 80 36 94 
8 CO^CHjPh C 80 44 92 
9 CONHCHjPh A 22 8 95 
10 CONHCHjPh B 80 8 94 
11 CONHCHjPh C 80 12 91 
12 COMe A 80 2 73 
13 COMe B 80 48 54(65) 
14 COMe C 80 48 63 
15 COPh A 80 12 69 
16 COCF3 A 80 24 18 (66) 
' Values in parentheses indicate yields based on unrecovered starting material for incomplete 
reactions. 
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employing procedure B and C were complete within 8 and 12 h, respectively, and gave 
excellent 3delds of the desired monocyclization product (Table 2, entries 10 and 11). This 
substrate has the potential to undergo a second cyclization to produce a tricyclic structure, but 
does not do so under the reaction conditions examined. The difficulty in achieving the second 
cyclization may be due to the strain of placing a trigonal carbonyl functionality into a 5-
membered ring.^° 
The acetamide derivative gave a complete reaction by procedure A within 2 h and the 
desired product was obtained in good yield (Table 2, entry 12). The desired product exists as a 
33:67 mixture of amide rotomers. The sample gave a single high-boiling peak by gas 
chromatographic analysis. The catalytic reactions employing procedures B and C were stopped 
after 48 h. Procedure B afforded the desired product in 54 % yield at 83 % conversion (Table 
2, entry 13). Procedure C gave a complete reaction from which the desired product was 
obtained in 63 % isolated yield (Table 2, entry 14). The lower yields with this substrate may 
be due to the need to pass the product through at least two silica gel colunms in order to obtain 
a substance of acceptable purity. 
The benzamide derivative was only submitted to procedure A because of the failure of 
this same derivative to react completely using the catalytic procedures in the previous system. 
Procedure A gave a complete reaction within 12 h and the desired cyclization product was 
obtained in 69 % isolated yield (Table 2, entry 15). The product exists as a33:67 mixture of 
amide rotomers. The sample produced a single high-boiling peak by gas chromatogr^hic 
analysis. 
The trifluoroacetamide was submitted to procedure A and gave an incomplete reaction 
after 24 h (Table 2, entry 16). Gas chromatography of the reaction mixture indicate a mixture 
containing two major high-boiling substances in a 29:71 ratio. The NMR spectrum of the 
product mixture indicated that the major component was the desired cyclization product and the 
minor component was unreacted starting material. The desired product was determined to be 
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present in ~18 % yield. The low recovery of material in this case may be due to the ease of 
hydrolysis of the trifluoroacteyl group imder basic conditions.^  ^
The derivatives of 2-(2-cyclohexenyI)ethananiine supported the reactivity series 
detennined in the previous system. Overall, this system was less reactive than the previous 
system, but the tosyl, fonnyl, benzyloxycarbonyl, benzylaminocarbonyl and acetyl derivatives 
all proved to be useful for the formation of 6,SbicycIic amino derivatives by a palladium(II)-
catalyzed process under our standard conditions. 
To complete the smdy of the formation of 5-membered rings by the palladium(II)-
catalyzed cycli2ation of olefinic amine derivatives, an acyclic substrate was prepared and 
cyclized (Table 3). The derivatives of 2,2-dimethyl-4-hexenamine were obtained as a 94:6 
mixture of trans/cis double bond isomers. Double bond isomers of this type have been 
observed to demonstrate similar reactivity and generate identical product mixtures in previous 
palladium(II)-caialyzed cyclizations.^ ® 
The tosylamide derivative gave a complete reaction within 2 h using procedure A 
(Table 3, entry 1). The desired cyclization product was isolated in 86 % yield. The reaction 
using procedmre B was complete within 21 h and afforded the desired product in 87 % isolated 
yield (Table 3, entry 2). Likewise, the reaction using procedure C was complete within 12 h 
and afforded the desired product in 82 % isolated yield (Table 3, entry 3). The longer reaction 
times from this tosylamide derivative indicate that this system is significantly less reactive than 
those containing a cyclic olefin moiety. 
The formamide derivative gave a complete reaction within 12 h using procedure A 
(Table 3, entry 4). The desired product existed as a 25:75 mixture of amide rotomers. The 
sample produced a single high-boiling peak by gas chromatographic analysis. The reactions 
using procedures B and C were both complete within 24 h (Table 3, entries 5 and 6). 
Procedure B afforded the desired product in 53 % isolated yield, while procedure C managed 
only a 46% isolated yield. 
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entry R procedure tempCQ time (h) yield (%)' 
1 Ts A 80 2 86 
2 Ts B 80 21 87 
3 Ts C 80 12 82 
4 CHO A 80 12 50 
5 CHO B 80 24 53 
6 CHO C 80 24 46 
7 COjCHjPh A 80 24 54(57) 
8 COjCH^Ph B 80 72 32 (50) 
9 COjCHjPh C 80 72 48(56) 
10 COMe A 80 24 40(53) 
11 COPh A 80 24 — 
* Values in parentheses indicate yields based on unrecovered starting material for incomplete 
reactions. 
The benzyloxycarbonyl derivative did not give a complete reaction within 24 h using 
procedure A (Table 3, entry 7). The desired product was obtained in 54 % yield as a mixture 
with unreacted starting material. The catalytic reactions using procedures B and C did not 
reach completion within 72 h (Table 3, entries 8 and 9). The starting material and product were 
not separable by column chromatography so the yields were determined by integration of the 
'H NMR spectra. Procedure B afforded the desired product in 32 % yield at 64 % conversion, 
while procedure C afforded the desired product in 48 % yield at 75 % conversion. 
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The acetyl derivative did not give a complete reaction within 24 h (Table 3, entry 10). 
The desired product existed as a 33:67 mixture of amide rotomers and was determined to be 
present in 43 % yield at 80 % conversion. 
The benzamide derivative showed only a trace of product formation by TLC analysis 
after 24 h (Table 3, entry 11). The amount of product was judged to be too small to attempt to 
isolate the product or determine a yield. 
The acyclic olefinic amine derivatives proved to be much less reactive than their cyclic 
counterparts. The reactivity order remained pretty well intact with the tosyl, formyl and 
benzyloxycarbonyl derivatives demonstrating suitable reactivity to be synthetically useful. The 
acetamide and benzamide derivatives were unreactive under our standard conditions. 
The cyclization of amine derivatives was extended to examine the formation of 6-
membered rings. The most reactive olefin for the formation of 5-membered rings was the 
cyclopentenyl, so 3-(2-cyclopentenyl)propan-I-amine was synthesized and derivatized to 
examine the efficiency of the various derivatives in forming 6-membered rings (Table 4). 
The tosyl derivative was subjected to the stoichiometric procedure and afforded the 
desired 5,6-bicyclic product as a single double bond isomers in 85 % isolated yield after 4 h at 
80 °C (Table 4, entry 1). Neither of the catalytic reactions were complete after 72 h, so the 
reactions were stopped and the products isolated. Procedure B afforded the desired product in 
63 % isolated yield at 95 % conversion (Table 4, entry 2), while procedure C afforded the 
desired product in only 54 % yield at 60 % conversion (Table 4, entry 3). This reaction clearly 
illustrates the difficulty in forming 6-membered rings in comparison with their 5-membered 
ring counterparts. 
The formamide and benzyloxycarbonyl derivatives were also subjected to the 
cyclization conditions. The formamide derivative afforded a 49 % isolated yield of the desired 
product after 6 h (Table 4, entry 4), but neither catalytic procedure showed evidence of reaction 
by TLC analysis after 72 h (Table 4, entries 5 and 6). The benzyloxycarbonyl derivative using 
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Table 4. Palladium-catalyzed Cyclization of Derivatives of 3-(2-CyclopentenyI)propan-1-
amine. 
entry R procedure temp (°C) time (h) yield (%)' 
1 Ts A 80 4 85 
2 Ts B 80 72 60(63) 
3 Ts C 80 72 32 (54) 
4 CHO A 80 6 49 
5 CHO B 80 72 — 
6 CHO C 80 72 — 
7 CO^CHjPh A 80 24 68 
8 COjCHjPh B 80 72 — 
9 COjCHjPh C 80 72 — 
10 CONHCH^Ph A 80 24 30 
11 CONHCHjPh B 80 72 — 
12 CONHCHjPh C 80 72 — 
* Values in parentheses indicate yields based on unrecovered starting material for incomplete 
reactions. 
procedure A gave a complete reaction within 24 h and provided the desired product in only a 30 
% isolated yield (Table 4, entry 7), but neither catalytic procedure showed evidence of reaction 
by TLC analysis after 72 h (Table 4, entries 8 and 9). 
The benzylurea derivative gave a complete reaction within 24 h using procedure A 
(Table 4, entry 10). Surprisingly, the product was identified as the tricyclic urea (1) generated 
by a double cyclization employing both nitrogen atoms of the urea as nucleophiles (eq 27). 
J 
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1 Pd(OAc)2 
DMSO,80OC, O2 
(27) 
This was the first case observed where the benzylurea derivative proceeded to undergo the 
second cyclization reaction. The 5,S and 6,5-bicycIic benzyl ureas (Table 1, entry 21 and 
Table 2, entry 9, respectively) were not observed to undergo the second cyclization. The 
combination of having the second nucleophile attached to a more flexible 6-membered ring 
coupled with the more reactive cyclopentenyl olefin moiety must make the reaction possible 
where it had failed with the other substrates. 
The derivatives that were determined to be less reactive than the benzyloxycarbonyl 
derivative in the model system were not pursued with this substrate. The assumption was 
made that the lower reactivity of the other derivatives would prevent them from providing 
complete reactions, even imder the stoichiometric reaction conditions. 
The experimentation with the four model systems described above allow some 
generalizations to be drawn concerning the Pd(II)-catalyzed cyclization of olefinic amine 
derivatives. (1) Olefin reactivity: cyclopentenyl > cyclohexenyl > acyclic. (2) Ring size 
formed: five > six. (3) Derivative reactivity: tosylamide, formamido urea, benzylcarbamate > 
acetamide > benzamide > trifiuoroacetamide. 
All of the substrates discussed thus far contained functionality that ended up outside of 
the newly formed ring system except for the biscyclization of the benzylurea, A few substrates 
were examined to determine the feasibility of having the functionality ending up inside the 
newly formed ring. iV-Benzyl-(2-(2-cyclohexenyl)ethanecarboxamide was prepared and 
submitted to procedure A (eq 28). The reaction was not complete within 24 h, but the desired 
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1 Pd(OAc)2 
Ph 
(28) 
40% 
cyclization product was obtained in 40 % isolated yield. The nucleophilic portion of this 
molecule should be similar electronically to the acetamide derivative, where the amide moiety is 
connected to saturated aliphatic carbon atoms on both sides. The low reactivity of this 
substrate must be due to the strain that develops in trying to place the trigonal carbonyl carbon 
into the 5-membered ring of a bicyclic product 
An endocyclic carbamate was synthesized from 2-cyclohexen-l-oI and was submitted 
to procedure A (eq 29). This substrate should be electronically very similar to the 
benzyloxycarbonyl derivative examined above. The substrate showed no sign of reacting 
within 24 h as determined by TLC analysis. Gas chromatography of the reaction mixture 
showed only one high-boiling component with the same retention time as the starting material. 
A similar substrate was synthesized from (2-cyclohexenyl)methanol and submitted to 
procedure A (eq 30). This substrate has the advantage of having the nucleophile attached to a 
longer, more flexible tether, but the disadvantage of having to form a 6-membered ring. The 
substrate showed no sign of reaction within 24 h as determined by TLC analysis. Gas 
O 
1 Pd(OAc)2 
DMSO,80OC, O2 
no reaction (29) 
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I 
DMSO,800C,02 
1 Pd(OAc)2 
no reaction (30) 
chromatography of the reaction mixture showed only one high-boiling component with the 
same retention time as the starting material. 
Clearly, an endocyclic carbonyl presents a sizable barrier to cyclization under our 
standard conditions. Nucleophiles that are otherwise very similar electronically to 
corresponding exocyclic derivatives fail to react to form either 5- or 6-membered rings. The 
only exception being the unexpected biscyclization of the benzylurea to form a tricyclic product 
described above. 
Several derivatives of 2-(2-cyclopentenyl)ethanamine have been subjected to 
palladium(II)-catalyzed cyclization conditions to form 5,5-bicyclic amine derivatives. The 
reactivity order for the derivatives was found to be tosylamide, formamide > urea, 
benzylcarbamate > acetamide > benzamide > trifluoroacetamide. The same derivatives were 
also examined for their efficiency in forming 6,5- and 5,6-bicycIic and 5-monocyclic ring 
systems. The reactivity order was not observed to change with the system examined, but only 
the cyclization of tosylamide, formamide, ben2:ylcarbamate and benzylurea derivatives were 
found to be synthetically useful for each system examined. Substrates that were intended to 
contain the carbonyl functional group of the derivative within the newly fonning ring were 
found to be uiuBactive, except in one case involving a biscyclization of a benzylurea derivative 
to form a tricyclic product 
Conclusion 
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Experimental 
General. All 'H and NMR spectra were recorded at 400 and 100.5 MHz, 
respectively. Thin-layer chromatography (TLC) was performed using conmiercially prepared 
60 mesh silica gel plates (Whatman K6F), and visualization was effected with short 
wavelength UV light (254 rmi) or basic KMn04 solution [3 g KMnO^ + 20 g K2CO3 + 5 mL 
NaOH (5%) + 300 mL H^O]. All melting points are uncorrected. 
Reagents. All reagents were used directly as obtained from commercial sources 
unless otherwise stated. KMnO^, NaOAc, LiAlH^, NaCl, potassium r-butoxide, acetic 
anhydride, hydrochloric acid, methanol, ethyl ether, methylene chloride, pentane, 
dimethylsulfoxide, MgSO^, ammonium hydroxide, hexane and ethyl acetate were obtained 
from Fischer Scientific. 2-(2-Cyclopentenyl)acetic acid, thionyl chloride, triethylamine, p-
t o l u e n e s u l f o n y l  c h l o r i d e ,  e t h y l  f o r m a t e ,  b e n z y l  c h l o r o f o n n a t e ,  b e n z o y l  c h l o r i d e ,  N , N -
dimethylcarbamoyl chloride, trifluoroacetic anhydride, benzyl isocyanate, methyl cyanoacetate, 
NaCN, crotyl alcohol, methanesulfonyl chloride, diisopropylamine, n-butyllithium, 
isobutyronitrile and carbon tetrabromide were obtained from Aldrich Chemical Co. Palladium 
acetate and PH13 were obtained from Kawaken Rne Chemicals Co., Ltd. 
General procedure for cyclization. Procedure A: To a mixture of substrate (1 
mmol) in DMSO (1 mL) was added 1 equiv of Pd(OAc)^ . The flask was equipped with a 
magnetic stir bar and purged with oxygen gas. A septum was placed over the opening of the 
flask and a balloon of oxygen gas attached to the flask through the septum by a needle. The 
reaction was stirred at 80 "C until the reaction had reached completion as indicated by thin-layer 
chromatographic analysis. The reaction mixture was cooled to room temperature and then 
placed directly onto a colunm of silica gel and eluted with an appropriate combination of 
hexane/ethyl acetate. The fractions containing the product were combined and concentrated in 
vacuo. Procedures B and C. Procedures B and C follow procedure A except for the use 
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of only 5 mol % Pci(OAc)2 (procedure B), and 5 mol % Pd(OAc)2 plus 2 equiv of NaOAc 
(procedure C). 
2-(2-Cyclopentenyl)ethanainine. To a stirred solution of 2-(2-
cyclopentenyl)acetic acid (630 g, 50 mmol) in ether (25 mL) at 0 °C was added thionyl 
chloride (7.4 mL, 1(X) mmol). The solution was allowed to warm to room temperature and 
stirred ovemighL Excess thionyl chloride and solvent were evaporated and the resulting 
yellowish residue was slowly added to concentrated NH4OH (40 mL) at 0 °C. The reaction 
was stirred for 30 min, followed by isolation of the resulting solid by filtration. The crude 
product was dissolved in EtOAc, subjected to decolorizing charcoal, filtered and concentrated 
to yield 2-(2-cyclopentenyl)acetamide as a white solid (79 %): mp = 128-129 "C; IR (CHCI3) 
3351, 3177, 3053, 2958, 2851, 1669 cm"'; NMR (400 MHz, CDCI3) 6 1.46 (m, 1 H), 
2.27 (m, 5 H), 3.09 (m, 1 H), 5.69 (ra, 1 H), 5.78 (m, 1 H), 5.87 (br s, 1 H), 6.35 (br s, 1 
H); "CNMR(100.5MHz,CDCl3)8 29.61, 31.88, 42.10, 42.41, 131.58, 133.82, 175.42. 
To a slurry of LiAlH^ (1.70 g, 45 mmol) in dry ether (30 mL) at 0 " C  was slowly 
added 2-(2-cyclopentenyI)acetamide (3.45 g, 30 mmol). The solution was refluxed for 4 h, 
followed by cooling to 0 °C and quenching with water. The organic layer was separated and 
dried over MgSO^. The solution was concentrated and the product purified by vacuum 
distillation to afford 2-(2-cyclopentenyl)ethanamine as a clear liquid (82 %): IR (neat) 3368, 
3299,3049, 2969, 2848, 1669 cm*'; 'H NMR (400 MHz, CDCI3) 8 1.20 (br s, 2 H), 1.44 
(m, 2 H), 1.59 (m, 1 H), 2.04 (m, 1 H), 2.31 (m, 2 H), 2.73 (m, 3 H), 5.67 (m, 1 H), 5.72 
(m, 1 H); NMR (100.5 MHz, CDCI3) 6 29.73, 31.84, 40.09, 40.72. 43.03, 130.29, 
137.70; HRMScalcdforC^HiaN 111.1048, found 111.1049. 
(2-Cyclopentenyl)-iV-tosylethanainine. To a vigorously stirred solution of 2-(2-
cyclopentenyl)ethanamine (0.55 g, 5 mmol) and triethylamine (0.70 mL, 5.1 mmol) in ether 
(20 mL) at 0 °C was slowly added tosyl chloride (0.95 g, 5 mmol). The mixture was allowed 
to warm to room temperature and stirred for 2 h. The reaction mixture was washed with dilute 
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HCl and the organic layer was dried over MgS04 and concentrated. The crude product was 
purified by column chromatogr^hy on silica gel using 4:1 hexane/EtOAc as the eluent to 
afford a clear oil (87 %): IR (CDCI3) 3278,3048, 2932, 2849, 1324; NMR (400 MHz, 
CDQj) 6 1.30 (m, 1 H), 1.45 (m, 1 H), 1.54 (m, 1 H), 1.97 (m. 1 H), 2.25 (m, 2 H), 2.43 
(s, 3 H), 2.64 (m, 1 H), 2.95 (m, 1 H), 4.75 (t, J= 6.0 Hz, 1 H), 5.55 (m, 1 H), 5.70 (m, 1 
H), 7.31 (d, J= 8.0 Hz, 2 H), 7.76 (d, 7= 8.0 Hz, 2 H); "C NMR (100.5 MHz, CDCI3) 6 
21.57, 29.49, 31.92, 35.64, 41.93, 42.75, 127.15, 129.75, 131.20, 133.85, 136.93, 
143.39; HRMS calcd for fragments CioHi^NO^S 212.0745, found 212.0750 and CgHioNO^S 
184.0432, found 184.0436. The molecular ion was confirmed at 265.1 by CI. 
iV-(2-(2-CyclopentenyI)ethyl)formainide. In a flask at 0 °C was combined 2-
(2-cyclopentenyl)ethanamine (0.55 g, 5 mmol) and ethyl formate (5 mL). The reaction was 
then stirred at reflux for 24 h. The reaction mixture was cooled to room temperature and 
concentrated to yield a yellow oil. The crude product was purified by column chromatography 
on silica gel using 1:1 hexanes/EtOAc as the eluent A clear oil was obtained (82 %): IR (neat) 
3269, 3050, 2931, 2849, 1680 cm"'; 'H NMR (400 MHz, CDCI3) (two rotomers, 90:10) 6 
major rotomer 1.42 (m, 1 H), 1.52 (m, 1 H), 1.64 (m, 1 H), 2.06 (m, 1 H), 2.31 (m, 2 H), 
2.69 (br s, 1 H), 3.28 (m, 2 H), 5.65 (m, 1 H), 5.74 (m, 1 H), 6.77 (br s, 1 H), 8.13 (s, 1 
H); 6 minor rotomer 3.23 (m), 6.57 (br s), 8.03 (d, 7= 12.0 Hz), the remaining peaks 
coincided with the major rotomer. NMR (100.5 MHz, CDCI3) (two rotomers, 90:10) 6 
major rotomer 29.59, 31.92, 35.51, 36.85, 43.04, 131.02, 134.00, 161.59; 6 minor rotomer 
29.51, 37.32,40.56, 42.52, 131.34, 133.59, 164.86, the remaining peaks coincided with the 
major rotomer; HRMS calcd for C8H13NO 139.0997, found 139.0998. 
Benzyl iV-(2-(2-cyclopentenyl)ethyl)carbamate. To a stirred solution of 2-(2-
cycIopentenyl)ethanamine (0.55 g, 5 mmol) and triethylamine (0.70 mL, 5 mmol) in ether (20 
mL) at 0 "C was slowly added benzyl chloroformate (0.85 g, 5 mmol). The mixture was 
allowed to warm to room temperature and stirred for 2 h. The reaction mixture was washed 
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with dilute HQ solution and the organic layer was dried over MgSO^ and concentrated to 
afford a clear oil. The crude product was purified by column chromatography on silica gel 
using 10:1 hexane/EtOAc as the eluenL The product was obtained as a white solid (82 %): mp 
= 45-47 °C; IR (CHCI3) 3344, 3048, 2934, 2850, 1700 cm"'; 'H NMR (400 MHz, CDCI3) 6 
1.45 (m, 2 H), 1.61 (m, 1 H), 2.06 (m, 1 H), 2.30 (m, 2 H), 2.68 (br s, 1 H), 3.23 (q, 7 = 
6.4 Hz, 2 H), 4.77 (br s, 1 H), 5.09 (s, 2 H), 5.65 (m, 1 H), 5.74 (m, 1 H), 7.33 (m, 5 H); 
NMR (100.5 MHz, CDCI3) 6 29.69, 31.99, 36.14, 39.86, 43.01, 66.65, 128.14, 
128.18, 128.56, 131.02, 134.21, 136.68, 156.39; HRMS calcd for fragment CgHi^NO^ 
154.0868, found 154.0869. The molecular ion was confirmed at 245.1 by CI. 
iV-(2-(2-Cyclopentenyl)ethyI)-A^', iV'-dimethylurea. To a stirred mixture of 
2-(2-cyclopentenyl)ethanamine (0.55 g, 5 mmol) and EtjN (0.70 mL, 5 mmol) in Et^O (20 
mL) at 0 "C was added Ar,iV-dimethylcarbamoyI chloride (0.54 g, 5 mmol). The mixture was 
allowed to warm to room temperature and stirred for 2 h. The reaction mixture was washed 
with dilute HCl solution. The organic layer was dried over MgSO^ and concentrated. The 
crude product was purified by column chromatography on silica gel using 1:1 hexane/EtOAc as 
the eluent The product was obtained as a clear oil (72 %): IR (neat) 3327,3046,2925, 2848, 
1640 cm"'; 'H NMR (400 MHz, CDCI3) 6 1.46 (m, 2 H), 1.62 (m, 1 H), 2.06 (m, 1 H), 2.31 
(m, 2 H), 2.69 (m, 1 H), 2.90 (s, 6 H), 3.25 (q, 7 = 6.4 Hz, 2 H), 4.59 (br s, 1 H), 5.67 (m, 
1 H), 5.72 (m, 1 H); NMR (100.5 MHz, CDCI3) 8 29.70, 31.96, 36.15, 36.57, 39.67, 
43.20, 130.64, 134.56, 158.57; HRMS calcd for CioHigN^O 182.1419, found 182.1418. 
yV-(2-(2-CycIopentenyI)ethyI)acetainide. To a stirred solution of 2-(2-
cyclopentenyI)ethanamine (0.55 g, 5 mmol) and Et3N (0.70 mL, 5 mmol) in EtjO (20 mL) at 0 
°C was added ACjO (0.51 g, 5 mmol). The mixture was allowed to warm to room temperature 
and stirred for 2 h. The reaction mixture was washed with dilute HCl, dried over MgSO^ and 
concentrated. The crude product was purified by column chromatography on silica gel using 
3:1 EtOAc/hexane as the eluent The product was obtained as a clear oil (86 %): IR (neat) 
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3280,3083, 2926, 2848, 1656 cm"'; 'H NMR (400 MHz, CDCI3) 6 1.37 (m, 2 H), 1.55 (m, 
1 H), 1.90 (s, 3 H), 1.98 (m, 1 H), 2.25 (m, 2 H), 2.61 (m, 1 H), 3.19 (q, J= 6.8 Hz, 2 H), 
5.58 (m, 1 H), 5.66 (m, 1 H), 6.19 (br s, 1 H); "C NMR (100.5 MHz, CDCI3) 6 23.23, 
29.67, 31.94, 35.66, 38.35, 43.14, 130.92, 134.19, 170.29; HRMS calcd for CgHijNO 
153.1154, found 153.1154. 
A/^-(2-(2-Cyclopentenyl)ethyl)benzainide. To a stirred solution of 2-(2-
cycIopentenyl)ethanamine (0.55 g, 5 mmoi) and EtjN (0.70 mL, 5 mmol) in Et^O (20 mL) at 0 
°C was added benzoyl chloride (0.70 g, 5 mmol). The mixture was allowed to wann to room 
temperature and stirred for 2 h. The reaction mixtiu-e was washed with dilute HQ, dried over 
MgSO^ and concentrated. The crude product was purified by colimin chromatography on silica 
gel using 4:1 hexane/EtOAc as the eluenL The product was obtained as a clear oil (95 %): IR 
(neat) 3308,3056, 2931, 2847, 1639 cm"'; 'H NMR (400 MHz, CDCI3) 6 1.41 (m, 1 H), 
1.57 (m, 1 H), 1.69 (m, 1 H), 2.05 (m, 1 H), 2.29 (m, 1 H), 2.69 (m, 2 H), 3.43 (q, 7 = 6.0 
Hz, 2 H), 5.64 (m, 1 H), 5.71 (m, 1 H), 7.00 (br s, 1 H), 7.35 (t, 7= 7.6 Hz, 2 H), 7.44 (t, 
7= 7.2 Hz, 1 H), 7.79 (d, J= 7.2 Hz, 2 H); ''C NMR (100.5 MHz, CDCI3) 6 29.71, 32.02, 
35.72,38.87, 43.28, 127.05, 128.44, 130.91, 131.25, 134.34, 134.80, 167.76; HRMS 
calcd for Ci^Hi^NO 215.1310, found 215.1313. 
iV-(2-(2-Cyclopentenyl)ethyI)trifluoroacetainide. To a stirred solution of 2-(2-
cyclopentenyOethanamine (0.55 g, 5 mmol) and Et3N (0.70 mL, 5 mmol) in Et^O (20 mL) at 0 
°C was added trifluoroacetic anhydride (1.05 g, 5 mmol). The mixture was allowed to warm 
to room temperature and stirred for 2 h. The reaction mixture was washed with dilute HCl, 
dried over MgSO^ and concentrated. The crude product was purified by column 
chromatography on silica gel using 10:1 hexane/EtOAc as the eluenL The product was 
obtained as a clear oil (85 %): IR (neat) 3316,3104,3053,2938,2853,1712 cm"'; 'H NMR 
(400 MHz, CDCI3) 6 1.44 (m, 1 H), 1.59 (m, 1 H), 1.70 (m, 1 H), 2.07 (m, 1 H), 2.36 (m, 2 
H), 2.73 (m, 1 H), 3.41 (q, 7= 6.0 Hz, 2 H), 5.65 (m, 1 H), 5.78 (m, 1 H), 6.35 (br s, 1 H); 
88 
NMR (100.5 MHz, CDCI3) 8 29.48, 31.95, 34.84, 38.69, 42.93, (111.63, 114.49, 
11735, 120.21), 131.51, 133.57, (156.81, 157.17, 157.54, 157.92); HRMS calcd for 
CgHijNO 138.0919, found 138.0916 and C:3H4F3NO 127.0245, found 127.0246. The 
molecular ion was confirmed at 207.1 by Q. 
iV-BenzyI-iV'-(2-(2-cyclopentenyI)ethyI)urea. To a stirred solution of 2-(2-
cyclopentenyOethanamine (0.55 g, 5 mmol) in ether (20 mL) was slowly added benzyl 
isocyanate (0.67 g, 5 mmol). The reaction was stirred for 1 h with the formation of a white 
precipitate. The reaction mixture was filtered and the crystals were washed with hexane. The 
product was isolated as a white solid (88 %): mp = 100-102 °C; IR (CDOj) 3359, 3322, 
3043, 2927, 2851, 1627 cm"'; 'H NMR (400 MHz, CDCI3) 6 1.36 (m, 2 H), 1.51 (m, 1 H), 
1 . 9 7  ( m ,  1  H ) ,  2 . 2 5  ( m ,  2  H ) ,  2 . 6 0  ( b r  s ,  1  H ) ,  3 . 1 0  ( q ,  J  =  6 . 4  H z ,  2  H ) ,  4 . 2 4  ( d ,  J  = 5 . 6  
Hz, 2 H), 5.13 (br s, 1 H), 5.45 (br s, 1 H), 5.58 (m, 1 H), 5.69 (m, 1 H), 7.24 (m, 5 H); 
NMR (100.5 MHz, CDCI3) 6 29.74, 31.97, 36.42, 39.15, 43.11, 44.26, 127.14, 
127.29, 128.56, 130.78, 134.43, 139.55, 158.77; HRMS calcd for CjjHjoNiO 244.1576, 
found 244.1576. 
Ar-TosyI-2-azabicyclo[3.3.0]oct-7-ene. The product was obtained as a clear oil: 
IR (neat) 3053, 2946, 2853, 1341 cm"'; 'H NMR (400 MHz, CDCI3) 6 1.45 (m, 1 H), 1.80 
(m, 1 H), 2.05 (dt, 7= 17.2, 2.0 Hz, 1 H), 2.38 (s, 3 H), 2.44 (m, 1 H), 2.56 (m, 1 H), 3.01 
( m ,  1  H ) ,  3 . 3 1  ( m ,  1  H ) ,  4 . 4 9  ( d ,  7 =  8 . 4  H z ,  1  H ) ,  5 . 6 8  ( m ,  1  H ) ,  5 . 7 6  ( m ,  1  H ) ,  7 . 2 6  ( d ,  J  
= 8.4 Hz, 2 H), 7.67 (d, J = 8.4 Hz, 2 H); "C NMR (100.5 MHz, CDCI3) 6 21.56, 32.39, 
37.99, 39.87, 48.31, 70.09, 127.61, 129.68, 131.25, 131.98, 134.66, 143.37; HRMS calcd 
forCi^Hi^NOjS 263.0980, found 263.0978. 
iV-FormyI-2-azabicycIo[3.3.0]oct-7-ene. The product was obtained as a clear 
oil: IR (neat) 3049,2932,2852,1719 cm"'; 'H NMR (400 MHz, CDCI3) (two rotomers 
55:45) 6 1.63 (m, 1 H), 2.06 (m, 1 H), 2.18 (m, 1 H), 2.65 and 2.67 (m, 1 H), 2.97 (m, 1 
PI), 3.33 and 3.41 (m, 1 H), 3.51 and 3.58 (m, 1 H), 4.81 and 4.96 (d, J= 7.6 Hz, 1 H), 
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5.65 and 5.86 (m, 1 H), 5.82 and 5.86 (m, 1 H), 8.20 and 8.28 (s, 1 H); NMR (100.5 
MHz, CDCI3) (two rotomers 55:45) 8 31.38, 31.92, 38.38, 38.51, 38.86, 39.31, 42.41, 
45.29, 65.61, 67.85, 129.08, 130.20, 132.98, 133.85, 160.16, 160.78; HRMS calcd for 
CgHnNO 137.0841, found 137.0844. 
iV-Benzyloxycarbonyl-2-azabicycIo[3.3.0]oct-7-ene. The product was 
obtained as a clear oil: IR (neat) 3060,3CB3,2945,2868, 1705 cm'M NMR (400 MHz, 
CDQs) (two rotomers 55:45) 8 1.56 (m, 1 H), 2.03 (m, 1 H), 2.09 and 2.14 (d, 7= 2.0 Hz, 1 
H), 2.56 (m. 1 H), 2.86 (m, 1 H), 3.41 (m, 2 H), 4.71 and 4.77 (d, 7= 7.6 Hz, 1 H), 5.13 
(m, 2 H), 5.73 and 5.76 (m, 1 H), 5.73 and 5.92 (m, 1 H), 7.27 (m, 5 H); NMR (100.5 
MHz, CDCI3) (two rotomers 55:45) 6 31.38, 32.18, 38.06, 39.22, 40.26, 45.56, 45.86, 
66.58, 66.68, 67.68, 68.35, 127.82, 127.88, 128.49, 128.50, 130.64, 130.91, 131.73, 
131.94, 137.15, 154.58, 154.76; HRMS calcd for CisHi7NOj 243.1259, found 243.1259. 
N ,  iV-Dimethylaminocarbonyl-2-azabicyclo[3.3.0]oct-7-ene. The product 
was obtained as a yellow oil: IR (neat) 3049,2940,2851,1633 cm '; 'H NMR (400 MHz, 
CDQs) 6 1.59 (m, 1 H), 1.95 (m, 1 H), 2.13 (m, 1 H), 2.62 (m, 1 H), 2.85 (s, 6 H), 2.90 
(m, 1 H), 3.21 (dt, J= 6.4, 10.0 Hz, 1 H), 3.44 (m, 1 H), 5.02 (d, J= 7.6 Hz, 1 H), 5.71 
(m, 1 H), 5.80 (m, 1 H); ''C NMR (100.5 MHz, CDCI3) 6 32.55, 38.43, 39.02, 39.05, 
47.12, 68.74, 130.62, 133.05, 163.07; HRMS calcd for CioHi^NjO 180.1263, found 
180.1260. 
AT-Acetyl-2-azabicyclo[3.3.0]oct-7-ene. The product was obtained as a yellow 
oil: IR (neat) 3050, 2928,2853, 1645 cm"'; 'H NMR (400 MHz, CDCI3) (two rotomers 
55:45) 6 1.63 and 1.68 (m, 1 H), 1.98-2.24 (m, 2 H), 2.06 and 2.14 (s, 3 H), 2.62 (m, 1 H), 
2.86 and 3.00 (m, 1 H), 3.43 and 3.45 (d, 7= 6.0 Hz, 1 H), 3.42 and 3.60 (m, 1 H), 4.76 
and 4.93 (d, 7= 7.6 Hz, 1 H), 5.74 and 5.87 (m, 1 H), 5.74 and 5.94 (m, 1 H); NMR 
(100.5 MHz, CDCI3) (two rotomers 55:45) 6 21.02, 22.07, 22.63, 30.81, 32.27, 37.86, 
90 
38.12, 38.79, 40.69, 44.94, 47.13, 67.90, 68.83, 129.37, 130.40, 131.47, 133.75, 169.16, 
174.04; HRMScalcdforCjHijNO 151.0997, found 151.0997. 
Ar-Benzoyl-2-azabicyclo[3.3.0]oct-7-ene. The product was obtained as a clear 
oil: IR (neat) 3055, 2946, 2851, 1629 cm"'; NMR (400 MHz, CDCI3) (two rotomers 
67:33) 6 1.63 (m, 1 H), 1.99 and 2.17 (d, 7= 15.2 Hz, 1 H), 2.01 and 2.10 (m, 1 H), 2.55 
and 2.66 (dd, /= 17.2, 8.8 Hz, 1 H), 2.96 (m, 1 H), 3.41 (m, 1 H), 3.48 and 3.89 (m, 1 H), 
4.76 and 5.24 (d, 7= 7.2 Hz, 1 H), 5.29 and 5.85 (m, 1 H), 5.74 and 6.05 (m, 1 H), 7.38 
(m, 3 H), 7.48 (m, 2 H); NMR (100.5 MHz, CDCI3) (two rotomers 67:33) 6 31.04, 
32.70, 38.48, 38.54, 38.64, 40.56, 44.93, 48.26, 67.87, 69.72, 126.77, 127.09, 128.21, 
128.44, 129.49, 129.69, 130.03, 130.25, 132.77, 133.66, 137.26, 168.78; HRMS calcd for 
Ci^HijNO 213.1154, found 213.1157. 
iV-Ben2ylaminocarbonyI-2-azabicyclo[3.3.0]oct-7-ene. The product was 
obtained as a white solid: mp = 103-103 "C; IR (neat) 3332,3060,3029, 2916, 2850, 1635 
cm-^ 'H NMR (400 MHz, CDCI3) 6 1.64 (m, 1 H), 2.11 (m, 1 H), 2.15 (dt, 7= 17.2,2.4 
Hz, 1 H), 2.56 (ddd, 7= 16.8, 7.6, 2.0 Hz, 1 H), 2.88 (m, 1 H), 3.33 (m, 2 H), 4.45 (m, 2 
H), 4.55 (br s, 1 H), 4.76 (d, 7= 7.6 Hz, 1 H), 5.75 (m, 1 H), 5.88 (m, 1 H), 7.23-7.35 (m, 
5 H); NMR (100.5 MHz, CDCI3) 6 32.04, 37.80, 39.83, 44.74, 45.39, 67.84, 127.26, 
127.78, 128.63, 130.84, 131.64, 139.83, 156.55; HRMS calcd for CisHigN^O 242.1419, 
found 242.1420. 
2-(2-Cyclohexenyl)ethanainine. To a stirred solution of methyl cyanoacetate 
(0.99 g, 10 mmol) in methanol (20 mL) was added KO-r-Bu (1.12 g, 10 mmol). After 15 
min, 3-bromocyclohexene (1.60 g, 10 mmol) was slowly added. The mixture was allowed to 
stir for 2 h and then was diluted with saturated NaCl solution and extracted with ether. The 
combined organic layers were dried over MgS04 and concentrated to give a yellow oil. The 
crude product was purified by column chromatography on silica gel using 10:1 hexane/EtOAc 
as the eluenL Methyl (2-cyclohexenyl)cyanoacetate was obtained as a clear oil (83 %): IR 
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(neat) 3023, 2935,2249, 1750 cm"^; NMR(two diastereomers) (400 MHz, CDCI3) 6 1.55 
(m, 2 H), L85 (m, 2 H), 3.44 (d, /= 6.3 Hz, 0.5 H), 3.52 (d, 7= 6.2 Hz, 0.5 H), 3.83 (s, 3 
H), 5.47 (dd, 7= 10.0, 0.9 Hz, 0.5 H), 5.60 (dd, 7= 10.2, 1.0 Hz, 0.5 H), 5.94 (m, 2 x 0.5 
H); NMR (two diastereomers) (100.5 MHz, CnDQ,) 6 14.16, 20.81, 20.98, 24.58, 
24.59, 25.81, 27.29, 36.62, 43.15, 4331, 53.34, 53.36, 60.33, 115.52, 115.64, 124.89, 
125.70, 131.78, 131.85, 166.06, 166.13. 
To a stirred solution of methyl (2-cyciohexenyI)cyanoacetate (0.90 g, 5 mmol) in 
DMSO (30 mL) was added NaCN (0.49 g, 10 mmol) and water (0.5 mL). The mixture was 
heated at 110 "C for 4 h and then cooled to room temperature. The reaction was dilute with 
saturated NaCI solution and extracted with ether. The combined organic layers were dried over 
MgSO^ and concentrated to give a yellow oil. The crude product was purified by colxmm 
chromatography on silica gel using 10:1 hexane/EtOAc as the eluenL 2-(2-Cyclohexenyl)-
acetonitrile was obtained as a clear oil (68 %): IR (neat) 3020,2930,2245,1652 cm'^; ^H 
NMR (400 MHz, CDCI3) 6 1.40 (m, 1 H), 1.58 (m, 1 H), 1.76 (m, 1 H), 1.93 (m, 1 H), 
2.02 (m, 2 H), 2.32 (d, 7= 2.6 Hz, 1 H), 2.34 (d, 7= 1.5 Hz, 1 H), 2.50 (m, 1 H), 5.57 
(dd, 7= 10.0, 1.6 Hz, 1 H), 5.83 (m, 1 H); ''C NMR (100.5 MHz, CDCI3) 6 20.72, 23.73, 
24.77, 28.46, 3235, 118.81, 127.84, 130.09. 
To a slurry of LiAlH^ (0.28 g, 7.5 mmol) under an atmosphere of nitrogen in ether (20 
mL) at 0 °C was slowly added a solution of 2-(2-cyclohexenyl)acetonitrile (0.61 g, 5 mmol) in 
ether (10 mL). The mixture was stirred for 30 min and then was quenched by the slow 
addition of water until a white solid coated the bottom of the flask under a clear organic layer. 
The organic layer was decanted. The white residue was washed twice with ether and each time 
decanted. The combined organic layer was dried over MgSO^ and concentrated to give pure 2-
(2-cyclohexenyl)ethanamine as a clear oil (92 %): IR (neat) 3365,3284,3014,2914,2836 
cm-^ 'H NMR (400 MHz, CDCI3) 6 1.4^ (m, 3 H), 1.52 (m, 3 H), 1.75 (m, 2 H), 1.97 (br 
s, 2 H), 2.15 (br s, 1 H), 2.75 (t, 7= 8.0 Hz, 2 H), 5.55 (d, 7= 12.0 Hz, 1 H), 5.67 (m, 1 
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H); NMR (100.5 MHz, CDCI3) 6 2139, 25.27, 29.01, 32.81, 39.86, 40.49, 127.00, 
131.70; HRMScaicdforCgHisN 125.1205, found 125.1208. 
2-(2-Cyclohexenyl)-iV-tosylethanamine. This compound was prepared by the 
same procedure as 2-(2-cyclopentenyI)-A'^-tosyIethanamine above. The product was obtained 
as a white solid (86%): mp = 58-59 °C; IRCCDQs) 3280,3015, 2921, 2836, 1324 cm"^; 'H 
NMR (400 MHz, CDCI3) 6 1.12 (m, 1 H), 1.46 (m, 3 H), 1.67 (m, 2 H), 1.93 (m, 2 H), 
2.08 (m, 1 H), 2.43 (s, 3 H), 2.99 (q, J = 6.8 Hz, 2 H), 4.43 (br s, 1 H), 5.42 (dd, J = 10.0, 
1.65 Hz, 1 H), 5.65 (m, 1 H), 7.31 (d, 7 = 8.0 Hz, 2 H), 7.75 (d, 7 = 8.0 Hz, 2 H); 
NMR (100.5 MHz, CDQa) 6 21.18, 21.57, 25.17, 28.55, 32.44, 35.89, 41.06, 127.16, 
127.94, 129.76, 130.54, 136.94, 143.43; HRMS calcd for CijHjiNO^S 279.1293, found 
279.1299. 
Ar-(2-(2-CycIohexenyI)ethyI)formainide. This compound was prepared by the 
same procedure as A^-(2-(2-cyclopentenyl)ethyI)fonnamide above. The product was obtained 
as a clear oil (79 %): IR (neat) 3279,3056,3016, 2925,2856,1675 cm'^ 'H NMR (400 
MHz, CDCI3) (two rotomers 90:10) 6 major rotomer 1.16 (m, 1 H), 1.47 (m, 3 H), 1.63 (m, 
1 PI), 1.71 (m, 1 H), 1.89 (m, 2 H), 2.06 (br s, 1 H), 3.26 (q, J= 6.8 Hz, 2 H), 5.46 (d, 7 = 
10.4 Hz, 1 H), 5.61 (m, 1 H), 6.77 (br s, 1 H), 8.05 (s, 1 H); 6 minor rotomer 3.20 (q, J = 
6.8 Hz, 1 H), 7.95 (d, J = 12.0 Hz, 1 H), the remaining peaks coincided with the major 
rotomer; "C NMR (100.5 MHz, CDCI3) (two rotomers 90:10) 6 major rotomer 21.23, 25.17, 
28.70, 32.71, 35.68, 36.00, 127.68, 130.75, 161.77; 6 minor rotomer 21.15, 25.12, 28.64, 
32.18, 37.48, 39.75, 128.04, 130.26, 165.14; HRMS calcd for fragment CgHi^ 108.0939, 
found 108.0938. The molecular ion was confirmed at 153.1 by CI. 
Benzyl iV-(2-(2-cyclohexenyl)ethyI)carbamate. This compound was prepared 
by the same procedure as benzyl iV-(2-(2-cyclopentenyl)ethyicarbamate above. The product 
was obtained as a clear oil (73 %): IR (neat) 3333,3017, 2927,2851, 1695 cm"'; ^H NMR 
(400 MHz, CDCI3) 6 1.24 (q, J= 8.0 Hz, 1 H), 1.50 (m, 3 H), 1.70 (m, 1 H), 1.78 (m, 1 
93 
H), 1.97 (br s, 2 H), 2.13 (br s, 1 H), 3.26 (q, 7= 6.0 Hz, 2 H), 4.70 (br s, 1 H), 5.10 (s, 2 
H), 5.54 (d, 7= 12.0 Hz, 1 H), 5.69 (m, 1 H), 7.35 (m, 5 H); NMR (10.5 MHz, CDCI3) 
6 21.34, 25.26, 28.82, 32.70, 36.37, 38.92, 66.64, 127.67, 128.14, 128.18, 128.56, 
131.01, 136.69, 156.40; HRMS calcd for 259.1572, found 259.1573. 
Ar-(2-(2-CyclohexenyI)ethyI)acetamide. This compound was prepared by the 
same procedure as A/^-(2-(2-cycIopentenyI)ethyl)acetamide above. The product was isolated as 
a clear oil (83 %): IR (neat) 3288,3088,3014, 2920, 2856,1661 cm''; 'H NMR (400 MHz, 
CDOj) 6 1.23 (m, 1 H), 1.51 (m, 3 H), 1.70 (m, 1 H), 1.78 (m, 1 H), 1.95 (m, 2 H), 1.96 
(s, 3 H), 2.12 ( br s, 1 H), 3.29 (q, 7 = 6.0 Hz, 2 H), 5.54 (dd, 7= 10.0, 1.2 Hz, 1 H), 5.68 
(m, 1 H), 6.20 (brs, 1 H); NMR (100.5 MHz, CDCI3) 6 21.30, 23.24, 25.22, 28.79, 
32.85, 35.90, 37.45, 127.59, 130.99, 17030; HRMS calcd for CioH„NO 167.1310, found 
167.1309. 
A/'-(2-(2-CyclohexenyI)ethyl)benzainide. This compound was prepared by the 
same procedure as A^-(2-(2-cycIopentenyI)ethyl)ben2amide above. The compound was isolated 
as a clear oil (95 %): IR (neat) 3312,3059,2923,2860, 1636 cm"'; 'H NMR (400 MHz, 
CDQj) 6 130 (m, 1 H), 1.64 (m, 4 H), 1.84 (m, 1 H), 1.98 (br s, 2 H), 2.21 (m, 1 H), 3.53 
(q, 7= 6.0 Hz, 2 H), 5.61 (m, 1 H), 5.73 (m, 1 H), 6.14 (br s, 1 H), 7.42 (t, 7= 7.2 Hz, 2 
H), 7.49 (t, 7 = 7.2 Hz, 1 H), 7.75 (d, 7 = 6.8 Hz, 2 H); NMR (100.5 MHz, CDCI3) 6 
21.36, 25.27, 28.83,33.02,36.05,37.92, 126.86, 127.83, 128.60, 131.03, 131.37, 
134.85, 167.49; HRMS calcd for CigHigNO 229.1467, found 229.1464. 
A''-(2-(2-CycIohexenyI)ethyl)trifluoroacetaniide. This compound was 
prepared by the same procedure as iV-(2-(2-cyclopentenyl)ethyI)trifluoroacetamide above. The 
product was isolated as a clear oil (63 %): IR (neat) 3316,3103,3052,2942, 2853, 1700 
cm-'; 'H NMR (400 MHz, CDCI3) 6 1.25 (m, 1 H), 1.47-1.86 (m, 5 H), 1.98 (m, 2 H), 2.15 
(m, 1 H), 3.41 (q, 7= 6.4 Hz, 2 H), 5.53 (dd, 7= 10.0, 2.0 Hz, 1 H), 5.71 (m, 1 H), 7.08 
(br s, 1 H); NMR (100.5 MHz, CDCI3) 6 21.19, 25.13, 38.60, 32.72, 35.06, 37.87, 
94 
(111.64, 114.50, 117.36, 120.22), 128.11, 130.32, (156.89, 157.25, 157.62, 157.98); 
HRMS calcd for C,oHi4F3NO 221.1028, found 221.1028. 
A''-Ben2yI-iV'-(2-(2-cycIohexenyI)ethyl)urea. This compound was prepared 
by the same procedure as iV-benzyl-iV'-(2-(2-cyclopentenyl)ethyI)urea above. The prcxiuct 
was isolated as a white solid (84 %): mp = 85-87 "C; IR (CDQ,) 3337, 3018, 2926, 2861, 
1627 cm-'; 'H NMR (400 MHz, CDCI3) 6 1.13 (m, 1 H), 1.32 (m, 1 H), 1.44 (m, 2 H), 1.65 
(m, 2 H), 1.93 (m, 2 H), 2.02 (br s, 1 H), 3.09 (s, 2 H), 4.20 (s, 2 H), 5.38 (br s, 1 H), 
5.46 (dd, J= 10.0, 1.6 Hz, 1 H), 5.64 (m, 1 H), 5.75 (br s, 1 H), 7.19 (m, 5 H); NMR 
(100.5 MHz, CDCI3) 6 2136, 25.29, 28.88, 32.79, 36.65, 38.12, 44.09, 127.03, 127.18, 
12735, 128.51, 131.28, 139.69, 159.07; HRMS calcd for CisH^^NjO 258.1732, found 
258.1738. 
iV-TosyI-7-azabicycIo[4.3.0]non-4-ene. The product was obtained as a clear 
oil: IR (neat) 3056, 2938, 2853, 1330 cm"'; 'H NMR (400 MHz, CDCI3) 6 1.21 (m, 1 H), 
1.34 (m, 1 H), 1.50 (m, 2 H), 1.90 (d, 7= 16.0 Hz, 1 H), 2.27 (m, 1 H), 2.36 (m, 1 H), 
2.43 (s, 3 H), 2.77 (dt, 7= 12.8, 2.8 Hz, 1 H), 3.78 (m, 1 H), 4.86 (s, 1 H), 531 (m, 1 H), 
5.77 (m, 1 H), 7.29 (d, 7= 8.0 Hz, 2 H), 7.71 (d, 7 = 8.0 Hz, 2 H); NMR (100.5 MHz, 
CDdj) 6 21.55, 22.93, 26.33, 35.38, 37.73, 41.91, 61.74, 127.08, 129.60, 129.71, 
132.95, 137.81, 143.06; HRMS calcd for CuHigNO^S ([M-H]") 276.1058, found 276.1056. 
iV-Formyl-7-azabicyclo[4.3.0]non-4-ene. The product was obtained as a 
yellow oil: IR (neat) 3059, 2930, 2853, 1673 cm"'; 'H NMR (400 MHz, CDCI3) (two 
rotomers 50:50) 6 1.40 (m, 2 H), 1.62 (m, 1 H), 1.71 (m, 1 H), 2.05 (m, 1 H), 232 and 
2.37 (m, 1 H), 2.49 and 2.53 (m, 1 H), 2.66 and 3.06 (m, 1 H), 3.47 and 4.21 (m, 1 H), 
4.56 and 535 (br s, 1 H), 5.53 and 5.56 (m, 1 H), 5.89 and 5.92 (m, 1 H), 8.11 and 8.14 (s, 
1 H); NMR (100.5 MHz, CDCI3) (two rotomers 50:50) 6 21.14, 21.64, 2239, 22.90, 
26.26, 27.22, 35.63, 35.94, 42.22, 44.67, 5338, 54.97, 125.01, 125.62, 128.53, 130.40, 
161.06, 161.24; HRMS calcd for C5H13NO 151.0997, found 151.0999. 
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iV-BenzyloxycarbonyI-7-azabicyclo[4.3.0]non-4-ene. This product was 
obtained as a clear oil: IR (neat) 3060,3033,2934, 2855,1697 cm"'; 'H NMR (400 MHz, 
CDaj) (two rotomers 45:55) 6 1.27 (m, 1 H), 1.36 (m, 1 H), 1.53 (br s, 1 H), 1.61 (m, 1 
H), 1.98 (dd, 7= 16.0, 1.2 Hz, 1 H), 2.33 (br s, 1 H), 2.44 (br s, 1 H), 2.75 (m, 1 H), 4.04 
(m, 1 H), 5.11 (m, 1 H), 5.15 (s, 2 H), 5.57 (br d, 1 H), 5.82 (br s, 1 H), 7.30 (m, 5 H); 
NMR (100.5 MHz, CDCI3) (two rotomers 45:55) 6 20.63, 20.91, 22.55, 22.65, 26.24, 
27.25, 35.73, 36.51, 45.07, 45.46, 55.04, 55.45, 66.50, 66.71, 126.11, 126.58, 127.71, 
127.86, 128.48, 128.50, 137.09, 137.19, 155.03, 155.07; HRMS calcd for Ci^Hi^NOj 
257.1416, found 257.1422. 
iV-BenzyIaminocarbonyi-7-azabicyclo[4.3.0]non-4-ene. The product was 
obtained as a clear oil: ^(CDClj) 3333, 3027, 2921, 2858, 1633 cm"'; 'H NMR (400 MHz, 
CDQj) 6 1.67 (m, 1 H), 1.74-2.07 (m, 5 H), 2.36 (m, 1 H), 3.29 (q, 7 = 8.0 Hz, 1 H), 3.36 
(dt, J = 8.8, 2.8 Hz, 1 H), 4.31 (d, 7 = 6.0 Hz, 1 H), 4.40 (m, 2 H), 4.73 (br s, 1 H), 5.68 
(d, 7= 10.4 Hz, 1 H), 5.83 (d, 7= 10.0 Hz, 1 H), 7.20-7.32 (m, 5 H); "C NMR (100.5 
MHz, CDCI3) 6 20.56, 22.52, 26.92, 35.86, 44.60, 44.71, 55.04, 126.73, 127.13, 127.27, 
127.69, 128.55, 139.94, 156.81; HRMS calcd for Cj^HjoN^O 256.15756, found 256.15806. 
A'-Acetyl-7-azabicycIo[4.3.0]non-4-ene. This product was obtained as a 
yellow oil: IR (neat) 3025, 2923,2882, 1643 cm"'; 'H NMR (400 MHz, CDCI3) (two 
rotomers 67:33) 6 major rotomer 1.73 (m, 1 H), 1.82-1.97 (m, 3 H), 1.98-2.10 (m, 2 H), 
2.08 (s, 3 H), 2.42 (m, 1 H), 3.44-3.62 (m, 2 H), 5.57 (m, 1 H), 5.76 (m, 1 H), 5.94 (dd, 7 
= 8.0, 4.0 Hz, 1 H); 6 minor rotomer 2.18 (s, 3 H), 2.53 (m, 1 H), 4.28 (m, 1 H), 5.62 (m, 
1 H), 5.83 (m, 1 H), the remaining peaks coincided with the major rotomer; NMR (100.5 
MHz, CDCI3) (two rotomers 67:33) 6 20.06, 20.50, 22.02, 22.26, 22.40, 22.68, 25.02, 
27.17, 35.30, 36.71, 44.87, 46.63, 55.03, 56.50, 125.62, 125.90, 127.32, 129.07, 169.14, 
169.34; HRMS calcd for CioHisNO 165.1154, found 165.1154. 
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iV-Benzoyl-7-azabicyclo[4.3.0]non-4-ene. This product was obtained as a 
clear oil: IR (neat) 3029, 2923,2884, 1626 cm-'; 'H NMR (400 MHz, CDCI3) (two rotomers 
6733) 6 major rotomer 1.60 (m, 1 H), 1.70 (m, 1 H), 1.85 (m, 2 H), 2.03 (m, 2 PI), 2.43 
( m ,  1  1 4 ) ,  3 . 3 8  ( m ,  1  ¥ £ ) ,  3 . 5 7  ( m ,  1  H ) ,  4 . 6 5  ( d ,  J  =  4 . 8  H z ,  1  H ) ,  5 . 8 5  ( m ,  1  H ) ,  6 . 1 4  ( d ,  J  
= 10.0 Hz, 1 H), 7.39-7.51 (m, 5 H); 6 minor rotomer 3.73 (m, 2 H), 4.25 (d, J = 4.8 Hz, 1 
H), 5.23 (d, J= 10.0 Hz, 1 H), 5.66 (m, 1 H), the remaining peaks coincided with the major 
rotomer; NMR (100.5 MHz, CDCI3) (two rotomers 67:33) 6 20.27, 21.88, 22.05, 23.22, 
25.10, 29.01, 35.44, 36.69, 36.70, 45.01, 48.27, 55.43, 57.14, 125.57, 125.55, 127.17, 
128.24, 128.48, 128.70, 12932, 129.79, 137.29, 137.71, 170.16; HRMS calcd for 
CisHi^NO 227.1310, found 227.1315. 
2,2-Dimethyl-4-hexen-l-amine. To a stirred solution of 2-buten-l-ol (0.79 g, 11 
mmol) and EtjN (1.53 mL, 11 mmol) in THF (20 mL) at 0 "C was added mesyl chloride (1.26 
g, 11 mmol). The reaction was stirred for 30 min, followed by filtration. The filtrate was 
concentrated for use later in the procedure. 
To a stirred solution of diisopropylamine (1.01 g, 10 mmol) in THF (20 mL) under a 
nitrogen atmosphere at 0 °C was slowly added w-BuLi (4.95 mL of a 2.05 M solution in 
hexane, 10 mmol). The mixture was stirred for 30 min, followed by the slow addition of 
isobutyronitrile (0.69 g, 10 mmol) in THF (10 mL). The resulting mixture was stirred at 0 °C 
for 1 h, followed by the slow addition of the newly prepared mesylate described above. The 
reaction was stirred for 1 h, followed by quenching with saturated NaCl solution. The organic 
layer was separated, dried over MgS04 and concentrated to give a yellow oil. The crude 
product was purified by column chromatography on silica gel using 10:1 hexane/EtOAc as the 
eluenL The product, 2,2-dimethyl-4-hexenemtrile, was obtained as a clear oil (56 %): IR 
(neat) 3025, 2976, 2920, 2233 cm"'; 'H NMR (400 MHz, CDCI3) 6 1.31 (s, 6 H), 1.71 (d, J 
= 5.6 Hz, 3 H), 2.19 (d, 7= 7.2 Hz, 2 H), 5.49 (m, 1 H), 5.59 (m, 1 H); NMR (100.5 
MHz,CDCl3) 6 17.97, 26.19, 32.51, 43.96, 127.76, 125.00, 130.65. 
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To a sluny of LiAlH^ (0.28 g, 7.5 mmol) in ether (20 mL) at 0 °C under a nitrogen 
atmosphere was slowly added a solution of 2,2-dimethyl-4-hexenemtrile (0.56 g, 5 mmol) in 
ether (10 mL). The mixture was stirred for 30 min and then was quenched by the slow 
addition of water until a white solid coated the bottom of the flask under a clear organic layer. 
The organic layer was decanted. The white residue was washed twice with ether and each time 
decanted. The combined organic layer was dried over MgSO^ and concentrated to give pure 
2,2-dimethyl-4-hexenamine as a clear oil (90 %): IR (neat) 3390,3318,3019,2954,2865 
cm"'; NMR (400 MHz, CDCI3) 8 0.75 (s, 6 H), 1.15 (br s, 2 H), 1.61 (d, 7= 6.8 Hz, 3 
H), 1.88 (d, 7= 2.8 Hz, 2 H), 2.43 (s, 2 H), 5.42 (m, 2 H); NMR (100.5 MHz, CDCI3) 
6 18.00, 24.60, 34.92, 42.63, 52.48, 127.29, 127.51; HRMS calcd for CgHj^N 127.1361, 
found 127.1363. Note: the 2-buten-l-ol used in this procedure was a 96:4 translcis mixture. 
The products derived from the use of this compound reflect this ratio. Only the spectral data 
for the major isomer is reported. 
2,2-Dimethyl-Ar-tosyl-4-hexen-l-amine. This compound was prepared by the 
same procedure as 2-(2-cyclopentenyl)-A^-tosylethananiine above. The product was isolated as 
a white solid (85 %): mp = 62-64 °C; IR (CDa,) 3282, 3025, 2958, 2928, 2870, 1320 cm '; 
'H NMR (400 MHz, CDCy 6 0.83 (s, 6 H), 1.61 (d, 7= 6.8 Hz, 3 H), 1.86 (d, 7= 7.2 Hz, 
2 H), 2.42 (s, 3 H), 2.65 (d, 7= 6.8 Hz, 2 H), 4.80 (br s, 1 H), 5.33 (m, 2 H), 7.30 (d, 7 = 
8.0 Hz, 2 H), 7.75 (d, 7= 8.0 Hz, 2 H); NMR (100.5 MHz, CDCI3) 6 17.96, 21.51, 
24.93, 34.23, 42.73, 52.80, 126.60, 127.13, 128.32, 129.67, 137.13, 143.24; HRMS calcd 
for CisH^aNOjS 281.1450, found 281.1447. 
iV-(2,2-Dimethyl-4-hexenyl)formamide. This compound was prepared by the 
same procedure as Ar-(2-(2-cyclopentenyl)ethyl)formamide above. The product was obtained 
as a clear oil (77 %): IR (neat) 3317,3060,3025, 2957,2857, 1689 cm"'; 'H NMR (400 
MHz, CDCI3) (two rotomers 61:39) 6 major rotomer 0.87 (s, 6 H), 1.68 (d, 7 = 4.4 Hz, 3 H), 
1.91 (d, 7= 4.0 Hz, 2 H), 3.13 (d, 7= 6.4 Hz, 2 H), 5.46 (m, 2 H), 5.60 (br s, 1 H), 8.24 
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(s, 1 H); 6 minor rotomer 0.91 (s, 6 H), 1.90 (d, 7= 4.0 Hz, 2 H), 2.95 ( d , J =  6 . 4  Hz, 2 H), 
5.76 (br s, 1 H), 7.96 (d, 7= 11.6 Hz, 1 H), the remaining peaks coincided with the major 
rotomer; NMR (100.5 MHz, CDCI3) (two rotomers 61:39) 6 15.24, 18.00, 24.75, 24.85, 
34.61, 42.61, 43.13, 47.42, 51.82, 65.81, 126.35, 126.84, 128.12, 128.57, 161.60, 
165.37; HRMS calcd for C5H17NO155-1310, found 155.1313. 
Benzyl iV-(2,2-dimethyI-4-hexenyl)carbamate. This compound was prepared 
by the same procedure as benzyl iV-(2-(2-cycIopentenyI)ethyl)carbamate above. The product 
was obtained as a clear oil (83 %): IR (neat) 3340,3030, 2957,2917, 1701 cm'^; ^H NMR 
(400 MHz, CDCI3) 6 0.85 (s, 6 H), 1.66 (d, 7= 2.8 Hz, 3 H), 1.88 (d, 7= 2.8 Hz, 2 H), 
3.00 (d, 7 = 6.4 Hz, 2 H), 4.80 (br s, 1 H), 5.09 (s, 2 H), 5.42 (br s, 2 H), 7.30 (m, 5 H); 
NMR (100.5 MHz, CDCI3) 6 18.02, 24.81, 34.86, 43.06, 50.85, 66.68, 127.04, 
128.01, 128.12, 128.17, 128.55, 136.78, 156.75; HRMS calcd for CigH^NOj 261.1729, 
found 261.1727. 
A?^-(2,2-Dimethyl-4-hexenyI)acetamide. This compound was prepared by the 
same procedure as A'^-(2-(2-cyciopentenyl)ethyI)acetamide above. The product was obtained as 
a clear oil (81 %): IR (neat) 3311,3090,2958, 2919,2869, 1666 cm '; 'H NMR (400 MHz, 
CDQ,) 6 0.86 (s, 6 H), 1.67 (d, 7 = 3.2 Hz, 3 H), 1.89 (d, 7= 2.4 Hz, 2 H), 2.00 (s, 3 H), 
3.06 (d, 7= 6.4 Hz, 2 H), 5.43 (m, 2 H), 6.07 (br s, 1 H); NMR (100.5 MHz, CDCI3) 6 
18.02, 23.31, 24.88, 34.67, 43.23, 49.08, 127.11, 127.88, 170.36; HRMS calcd for 
CioHi^NO 169.14667, found 169.1463. 
iV-(2,2-Dimethyl-4-hexenyl)ben2amide. This compound was prepared by the 
same procedure as A^-(2-(2-cycIopentenyI)ethyl)benzamide above. The product was obtained 
as a clear oil (86%): mp = 60-62 "C; IR(neat) 3328,3061,3024,2959,2919, 1651cm-'; 
'H NMR (400 MHz, CDCI3) 6 0.94 (s, 6 H), 1.69 (d, 7= 4.0 Hz, 3 H), 1.99 (d, 7 = 4.8 Hz, 
2 H), 3.29 (d, 7= 6.0 Hz, 2 H), 5.51 (m, 2 H), 6.29 (br s, 1 H), 7.42 (m, 2 H), 7.48 (m, 1 
H), 7.75 (d, 7= 6.9 Hz, 2 H); NMR (100.5 MHz, CDCI3) 6 18.13, 25.21, 35.14, 43.71, 
99 
49.49, 126.84, 127.46, 128.10, 128.62, 131.37, 135.07, 167.61; HRMS calcd for 
CisHjiNO 231.1623, found 231.1623. 
4,4-DimethyI-yV-tosyI-2-vinyIpyrroIidine. The product was obtained as a 
white solid: mp = 58-60 "C; IR (CDQs) 3084, 2959, 2871, 1347 cm"'; 'H NMR (400 MHz, 
CDQj) 6 0.68 (s, 3 H), 1.05 (s, 3 H), 1.57 (dd, J~ 12.8, 8.4 Hz, 1 H), 1.73 (dd, 7= 13.2, 
8 . 0  H z ,  1  H ) ,  2 . 4 2  ( s ,  3  H ) ,  3 . 1 6  ( q ,  J =  1 0 . 0  H z ,  2  H ) ,  4 . 0 1  ( q ,  7 =  8 . 0  H z ,  1  H ) ,  5 . 0 7  ( d ,  J  
= 10.0 Hz, 1 H), 5.18 (d, J = 17.2 Hz, 1 H), 5.87 (m, 1 H), 730 (d, 7 = 8.0 Hz, 2 H), 7.70 
(d, 7= 8.0 Hz, 2 H); "C NMR (100.5 MHz, CDCI3) 6 21.56, 26.05, 26.53, 37.48, 47.51, 
61.49, 62.48, 115.15, 127.58, 129.51, 135.28, 139.83, 143.25; HRMS calcd for 
CisH^iNOjS 279.1293, found 279.1294. 
iV-FormyI-4,4-dimethyl-2-vinylpyrrolidine. The product was obtained as a 
yellow oil: IR (neat) 3081, 2958,2870,1673 cm"'; 'H NMR (400 MHz, CDCI3) (two 
rotomers 75:25) 6 major rotomer 1.07 (s, 3 H), 1.15 (s, 3 H), 1.57 (dd, 7= 12.4, 9.6 Hz, 1 
H), 1.91 (ddd, 7= 12.8, 6.8, 1.2 Hz, 1 H), 3.05 (d, 7= 11.6 Hz, 1 H), 3.47 (d, 7= 12.0 
Hz, 1 H), 428 (q, 7 = 9.2 Hz, 1 H), 5.20 (d, 7 = 10.0 Hz, 1 H), 5.27 (d, 7 = 17.2 Hz, 1 H), 
5.74 (m, 1 H), 8.15 (s, 1 H); 6 minor rotomer 1.02 (s, 3 H), 1.14 (s, 3 H), 1.97 (m, 1 H), 
3.19 (d, 7= 11.6 Hz, 1 H), 3.28 (d, 7= 12.0 Hz, 1 H), 4.48 (q, 7= 9.2 Hz, 1 H), 5.10 (d, 7 
= 10.0 Hz, 1 H), 5.18 (d, 7= 17.2 Hz, 1 H), 5.78 (m, 1 H), 8.28 (s, 1 H), the remaining 
peaks coincided with the major rotomer; "C NMR (100.5 MHz, CDCI3) (two rotomers 75:25) 
6 major rotomer 26.46, 26.55, 36.75, 46.72, 56.41, 60.44, 117.69, 138.51, 162.01; minor 
rotomer 25.65, 25.70, 37.71, 45.99, 57.07, 59.20, 114.53, 137.55, 161.36; HRMS calcd 
forCgHisNO 153.1154, found 153.1156. 
3-(2-CycIopentenyl)propan-l-ainine. Toaslurry of LiAlH^ (0.57 g, 15mmoi) 
at 0 °C under a nitrogen atmosphere was slowly added 2-cyciopentenyiacetic acid (1.26 g, 10 
mmol). The mixture was stirred for 1 h and then was quenched by the slow addition of water 
until a white solid coated the bottom of the flask under a clear organic layer. The organic layer 
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was decanted. The white residue was washed twice with ether and each time decanted. The 
combined organic layer was dried over MgSO^ and concentrated to give pure 2-(2-
cyclohexenyl)ethanoI as a clear oil (95 %): NMR (400 MHz, CDCI3) 6 1.42 (m, 1 H), 
1.57 (m, 1 H), 1.68 (m, 1 H), 2.06 (m, 1 H), 2.29 (m, 2 H), 2.49 (br s, 1 H), 2.75 (m, 1 H), 
3.67 (m, 2 H), 5.68 (m, 1 H), 5.74 (m, 1 H); ''C NMR (100.5 MHz, CDCI3) 6 29.82, 
31.94, 38.87, 42.13, 61.60, 130.61, 134.72. 
To a stirred solution of 2-(2-cycIopentenyI)ethanol (1,01 g, 9.0 mmol) and CBr^ (4.50 
g, 13.5 mmol) in dry CHjClj (2.0 mL) at 0 °C was slowly added a solution of 
triphenylphosphine (2.36 g, 9.0 mmol) in CH^Q^ (2.7 mL). After stirring for 1 h, the reaction 
mixture was diluted with pentane (75 mL) and the resulting precipitate was removed by 
filtration and washed several times with pentane. The combined organic phase was washed 
with saturated NaCl solution, dried over MgS04 and concentrated to give a clear oil. The crude 
product was purified by colimm chromatography on silica gel using pentane as the eluent The 
product l-bromo-2-(2-cyclopentenyl)ethane was obtained as a clear oil (78 %): 'H NMR (400 
MHz, CDCI3) 6 1.42 (m, 1 H), 1.85 (m, 1 H), 1.95 (m, 1 H), 2.08 (m, 1 H), 2.33 (m, 2 H), 
2.84 (m, 1 H), 3.43 (m, 2 H), 5.66 (m, 1 H). 5.77 (m, 1 H); NMR (100.5 MHz, CDCI3) 
8 29.31, 31.94, 32.23, 39.10, 44.28, 131.64, 133.49. 
To a stirred solution of NaCN (0.59 g, 12 mmol) in DMSO (12 mL) at 80 " C  was 
slowly added l-bromo-2-(2-cyclopentenyl)ethane (1.05 g, 6.0 mmol). After 1 h, the reaction 
mixture was diluted with saturated NaQ solution and extracted with ether. The combined 
organic layers were dried over MgSO^ and concentrated to give a yellowish oil. The crude 
product was purified by column chromatography on silica gel using 10:1 hexane/EtOAc as the 
eluent The product 3-(2-cyclopentenyl)propanenitrile was obtained as a clear oil (54 %): 
NMR (400 MHz, CDCI3) 8 1.42 (m, 1 H), 1.65 (m, 1 H), 1.77 (m, 1 H), 2.08 (m, 1 H), 
2.35 (m, 4 H), 2.81 (br s, 1 H), 5.63 (m, 1 H), 5.80 (m, 1 H); NMR (100.5 MHz, 
0)03)6 15.40, 29.08, 31.24, 31.96, 44.52, 119.99, 132.13, 132.82. 
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To a slurry of LiAlH^ (0.22 g, 6.0 mmol) in ether (12 mmol) at 0 "C under a nitrogen 
atmosphere was slowly added 3-(2-cyclopentenyi)propanenitrile (0.375 g, 3.0 nmiol). The 
mixture was stirred for 30 min and then was quenched by the slow addition of water until a 
white solid coated the bottom of the flask under a clear organic layer. The organic layer was 
decanted. The white residue was washed twice with ether and each time decanted. The 
combined organic layer was dried over MgSO^ and concentrated to give pure 3-(2-
cycIopentenyl)propan-l-amine as a clear oil (95 %): IR (neat) 3365,3299,3048,2921, 2847, 
1608 cm"'; 'H NMR (400 MHz, CDCI3) 6 1.30-1.55 (m, 5 H), 1.79 (br s, 2 H), 2.02 (m, 1 
H), 2.31 (m, 2 H), 2.64 (br s, 1 H), 2.70 (t, 7= 6.8 Hz, 2 H), 5.68 (m, 1 H), 5.72 (m, 1 H); 
NMR (100.5 MHz, CDCI3) 6 29.79, 31.82, 31.95, 33.26, 42.26, 45.35, 130.35, 134.97; 
HRMS calcd for CgHigN 125.1205, found 125.1202. 
3-(2-Cyclopentenyl)-iV-tosylpropan-l-aniine. This compoxmd was prepared 
by the same procedure as 2-(2-cyclopentenyl)-iV-tosyIethanamine above. The product was 
isolated as a white solid (83 %): mp = 39-40.5 "C; IR (CDQ,) 3297, 3050, 2935, 2849, 
1324cm-'; 'H NMR (400 MHz, CDCI3) 6 1.28 (m, 3 H), 1.46 (m, 2 H), 1.95 (m, 1 H), 2.25 
(m, 2 H), 2.43 (s, 3 H), 2.53 (m, 1 H), 2.94 (q,J=6.4 Hz, 2 H), 4.38 (br s, 1 H), 5.55 (m, 
1 H), 5.69 (m, 1 H), 7.31 (d, 7= 8.0 Hz, 2 H), 7.74 (d, 7= 8.0 Hz, 2 H); NMR (100.5 
MHz, CDCI3) 6 21.55, 27.85, 29.62, 31.95, 32.84, 43.45, 44.98, 127.15, 129.72, 130.59, 
134.58, 137.02, 143.31; HRMS calcd for CisHjiNO^S 279.1293, found 279.1290. 
iV-(3-(2-Cyclopentenyl)propyl)formamide. This compound was prepared by 
the same procedure as iV-(2-(2-cyclopentenyl)ethyl)fonnamide above. The product was 
obtained as a clear oil (two rotomers 77:23,82 %): IR (neat) 3303,3049,2928,2849, 1663 
on ^ ^H NMR (400 MHz, CDCI3) (two rotomers 77:23) 6 major rotomer 1.19-1.46 (m, 3 H), 
1.58 (m, 2 H), 2.04 (m, 1 H), 2.30 (m, 2 H), 2.64 (m, 1 H), 3.27 (q, 7= 6.8 Hz, 2 H), 5.65 
(m, 1 H), 5.72 (m, 1 H), 6.26 (br s, 1 H), 8.15 (s, 1 H); 6 minor rotomer 3.22 (q, 7= 6.8 
Hz, 2 H), 8.04 (d, 7= 11.6 Hz, 1 H), the remaining pjeaks coincided with the major rotomer; 
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NMR (100.5 MHz, CDCI3) (two rotomers 77:23) 6 major rotomer 27.83, 29.72, 31.97, 
33.17, 38.39, 45.13, 130.66, 134.62, 161.44; 6 minor rotomer 29.52, 29.69, 32.72, 42.14, 
45.02, 130.89,13436, 164.88, the remaining peaks coincided with the major rotomer; 
HRMS calcd for fragment CgHij 108.0939, found 108.0941. The molecular ion was 
confirmed at 153.1 by CI. 
Benzyl iV-(3-(2-cycIopentenyl)propyl)carbamate. This compound was 
prepared by the same procedure as benzyl A'^-(2-(2-cyclopentenyI)ethyl)carbamate above. The 
product was obtained as a clear oil (80 %): IR (neat) 3332,3047,2932,2849, 1700 cm'^ 
NMR (400 MHz, CDCI3) 6 1.37 (m, 3 H), 1.51 (m, 2 H), 2.03 (m, 1 H), 2.30 (m, 2 H), 
2.63 (br s, 1 H), 3.19 (q, 7= 6.8 Hz, 2 H), 4.79 (br s, 1 H), 5.09 (s, 2 H), 5.64 (m, 1 H), 
5.72 (m, 1 H), 7.33 (m, 5 H); NMR (100.5 MHz, CDCI3) 6 28.36, 29.77, 32.02, 33.10, 
41.34, 45.21, 66.62, 128.13, 128.17, 128.56, 130.63, 134.77, 136.70, 156.42; HRMS 
calcd for CigHjiNOj 259.1572, found 259.1573. 
iV-Benzyi-A'^'-(3-(2-cyclopentenyl)propyI)urea. This compoimd was prepared 
by the same procedure as iV-benzyI-A'^'-(3-(2-cyclopentenyI)propyl)urea above. The product 
was obtained as a white solid (91 %): mp = 88.5-89.5 "C; IR (CDCI3) 3357, 3050, 2928, 
2951, 1633 cm '; 'H N*MR (400 MHz, CDCI3) 6 1.20-1.52 (m, 5 H), 2.01 (m, 1 H), 2.29 
(m, 2 H), 2.61 (br s, 1 H), 3.13 (d, 7= 5.6 Hz, 2 H), 4.33 (d, 7= 4.8 Hz, 2 H), 4.57 (br s, 1 
H), 4.87 (br s, 1 H), 5.63 (m, 1 H), 5.70 (m, 1 H), 7.28 (m, 5 H); NMR (100.5 MHz, 
0X33) 6 28.58, 29.78, 32.01, 33.21, 40.82, 44.57, 45.25, 127.35, 127.48, 128.67, 
130.57, 134.82,139.33, 158.30; HRMS calcd for CigHj^N^O 258.1732, found 258.1732. 
iV-Tosyl-2-azabicyclo[4.3.0]noii-8-ene. The product was obtained as a clear 
oil.: IR (neat) 3056,2938, 2853,1330 cm"'; 'H NMR (400 MHz, CDCI3) 6 1.21 (m, 1 H), 
1.34 (m, 1 H), 1.50 (m, 2 H), 1.90 (d, 7= 16.0 Hz, 1 H), 2.27 (m, 1 H), 2.36 (m, 1 H), 
2.43 (s, 3 H), 2.77 (dt, 7 = 12.8, 2.8 Hz, 1 H), 3.78 (m, 1 H), 4.86 (s, 1 H), 5.31 (m, 1 H), 
5.77 (m, 1 H), 7.29 (d, 7= 8.0 Hz, 2 H), 7.71 (d, 7= 8.0 Hz, 2 H); "C NMR (100.5 MHz, 
103 
CDQj) 6 21.55, 22.93, 26.33, 35.38, 37.73, 41.91, 61.74, 127.08, 129.60, 129.71, 
132.95,137.81, 143.06; HRMS calcd for fragment CisHigNOjS 276.1058, found 276.1056. 
iV-Formyl-2-a3abicyclo[4.3.0]non-8-ene. The product was obtained as a clear 
oil: IR (neat) 3059,2930, 2853, 1673 cm"'; NMR (400 MHz, CDCI3) (two rotomers 
50:50) 6 1.40 (m, 2 H), 1.60 (m, 1 H), 1.72 (m, 1 H), 2.05 (m, 1 H), 2.34 (m, 1 H), 2.48 
(m, 0.5 H), 2.52 (m, 0.5 H), 2.66 (m, 0.5 H), 3.05 (m, 0.5 H), 3.45 (m, 0.5 H), 4.21 (m, 
0.5 H), 4.56 (br s, 0.5 H), 5.34 (br s, 0.5 H), 5.53 (m, 0.5 H), 5.56 (m, 0.5 H), 5.89 (m, I 
H), 8.11 (s, 0.5 H), 8.14 (s, 0.5 H); "C NMR (100.5 MHz, CDCI3) (two rotomers 50:50) 6 
22.66, 24.34, 27.64, 27.79, 34.97, 35.88, 37.26, 38.42, 43.61, 56.95, 63.35, 130.31, 
130.81, 132.80, 133.75, 161.57, 162.04; HRMS calcd for C9H13NO 151.0997, found 
151.0999. 
iV-BenzyIoxycarbonyl-2-azabicyclo[4.3.0]non-8-ene. The product was 
obtained as a clear oil: IR (neat) 3060,3033, 2934,2855,1697 cm"'; ^H NMR (400 MHz, 
CDQs) 6 1.22-1.39 (m, 2 H), 1.53 (br s, 1 H), 1.62 (m, 1 H), 1.98 (dd, / = 16.0, 1.2 Hz, 1 
H), 2.33 (br s, 1 H), 2.44 (br s, 1 H), 2.75 (m, 1 H), 4.06 (m, 1 H), 5.14 (m, 1 H), 5.15 (s, 
2 H), 5.55 (m, 1 H), 5.82 (br s, 1 H), 7.29 (m, 5 H); NMR (100.5 MHz, CDCI3) 6 
23.28, 27.02, 35.38, 38.49, 40.79, 60.30, 67.01, 127.84, 127.93, 128.51, 131.52, 132.05, 
137.06, 155.87; HRMS calcd for Ci^HigNOj 257.1416, found 257.1422. 
Tricyclic benzylurea (1). The product was obtained as a clear oil: IR (neat) 3062, 
3029, 2926, 2857, 1675 cm"'; 'H NMR (400 MHz, CDCI3) 6 1.43 (m, 1 H), 1.49 (m, 1 H), 
1 . 7 9  ( m ,  2  H ) ,  2 . 7 2  ( m ,  1  H ) ,  2 . 9 1  ( b r  s ,  1  H ) ,  3 . 9 0  ( d t ,  7 =  1 3 . 2 ,  4 . 0  H z ,  1  H ) ,  4 . 0 4  ( t ,  J  =  
6.4 Hz, 1 H), 4.09 (d, J= 15.2 Hz, 1 H), 4.33 (dd, 7= 7.2, 1.2 Hz, 1 H), 4.76 (d, 7= 15.2 
Hz, 1 H), 5.60 (m, 1 H), 5.68 (d, 7= 5.6 Hz, 1 H), 7.31 (m, 5 H); "C NMR (100.5 MHz, 
CDQj) 6 21.56, 25.23, 39.25, 43.71, 46.37, 54.46, 64.37, 127.31, 127.70, 128.15, 
128.57, 136.47, 138.30, 158.29; HRMS calcd for 254.1419, found 254.1420. 
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GENERAL CONCLUSION 
In this dissertation, the scope and limitations of a Pd(II)-DMS0-02 catalyst system 
were examined in three unrelated organic transformations: oxidation of alcohols, 
dehydrogenation of p-dicarbonyl compounds and cyclization of olefinic amines derivatives. 
Chapter 1 described the oxidation of allylic and benzylic alcohols. Although there are 
many examples of procedures for the oxidation of alcohols to aldehydes and ketones, they 
often require the stoichiometric use of toxic metal reagents. The current procedure offers the 
advantage of being catalytic in Pd, while using the inexpensive, non-toxic oxygen gas as the 
stoichiometric reoxidanL The procedure worked well for a variety of T and 2° allylic and 
benzylic substrates, but was quite unreactive toward saturated substrates. This suggests the 
potential for this procedure to be capable of selective oxidation with the proper choice of 
substrate and reaction conditions. 
Chapter 2 described the dehydrogenation of p-dicarbonyl compounds. There are 
several procedures for obtaining this type of piroduct, but they are limited by either the need to 
synthesize very elaborate substrate molecules for an intramolecular condensation reaction or the 
stoichiometric use of toxic reagents. The current procedure offers the advantage of being 
catalytic in Pd, while using the inexpensive, non-toxic oxygen gas as the stoichiometric 
reoxidanL This reaction proved to be successful with benzyl-substimted P-dicarbonyl 
compounds, but suffered from low yields with alkyl-substituted P-dicarbonyl compounds. 
More work needs to be done before this becomes a useful synthetic procedure. 
Chapter 3 described the cyclization of olefinic amine derivatives. There are a number of 
stoichiometric and catalytic procedures using Pd for the cyclization of olefinic amines and their 
derivatives. The current study is significant by being the first to compare a wide variety of 
common, synthetically useful amine derivatives of several different substrate structures with 
the goal of determining the relative reactivity of the various derivatives, as well as their 
108 
efficiency in forming a variety of bicyclic and monocyclic products. This study has advanced 
the understanding of the reactivity of various nitrogen-containing nucleophiles in Pd(II) 
chemistry, as well as the efficiency of these nucleophiles in forming various ring systems. 
In summary, the scope and limitations of three organic transformations, induced by a 
Pd(II)-DMS0-02 catalyst system, have been examined and reported. The procedures offer 
advantages over current methodology by being catalytic in Pd and by using gas as the 
stoichiometric reoxidanL This work has also served to expand the imderstanding of this useful 
catalyst system. 
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